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TouB  Council  have  pleasure  in  reporting  tliab  the  year  just  closed  has 
been  a  fairly  successful  one.  Considerable  depression  still  exists  in 
every  branch  of  mining  industry,  and  it  would  iiave  been  strange  if  this 
had  not  been  reflected  in  a  general  way  on  the  Institute,  therefore  no 
large  increase  of  members  or  income  could  have  been  expected.  In  spite 
of  this  the  Financial  Report  is  a  fairly  average  one,  and  the  commercial 
aspect  of  the  Institute  is  in  as  sound  a  i  osition  as  ever. 

Whilst  the  members  have  thus  to  be  congratulated  on  the  excellent 
financial  position  of  the  Institute,  they  have  still  more  reason  to  be  satisfied 
with  the  very  valuable  nature  of  the  papera  read  and  published,  many  of  which 
have,  by  the  minuteness  of  their  detail  and  the  profusion  of  their  illustra- 
tions, assumed  the  position  of  exhaustive  treatises  on  the  subjects  described. 
One  such  communication,  which  was  read  by  Mr.  J.  D.  Kendall  at  the 
meeting  at  Barrow  in  July,  1883,  *'0n  the  Structure  of  the  Cumberland 
Coal-field,"  has  received  additional  importance  from  its  having  been  dis- 
cussed at  Workington  in  March  last,  in  the  presence  of  almost  all  the 
engineers  of  the  district.  Here  Mr.  Kendall's  communication  was  sub- 
jected to  every  possible  criticism,  and  many  irajxjrtant  facts  elicited  which 
materially  added  to  its  value,  and  the  paper  with  the  discussion  (which  is 
still  to  be  continued;  is  probably  the  most  exhaustive  treatise  of  the 
geological  disposition  of  that  part  of  the  country  that  is  at  present  published. 

Mr.  E.  F.  Molly's  paper  ** Notes  on  the  Warwickshire  Coal-field"  has 
filled  a  gap  in  the  proceedings  as  far  as  that  district  is  concerned,  and  it  is 
satisfactory  to  know  that,  as  soon  as  it  was  published,  copies  were  eagerly 
sought  by  professional  gentlemen  whose  vocations  led  them  to  the  district. 

A  highly  scientific  and  exceedingly  interesting  paper  on  "Some  Results 
of  the  Observations  on  Underground  Temperatures  during  the  Construc- 
tion of  the  St.  Gothard  Tunnel "  by  Dr.  F.  Stapff  has  been  communicated 
by  Professor  G,  A.  Lebour,  and  is  one  which  will  probably  be  an  authority 
upon  the  subject,  and  prove  of  eminent  value  when  the  increase  of  ex- 
plorations in  the  structure  of  the  earth  will  render  it  important  that  the 
laws  regulating  the  increase  of  temperature  as  its  centre  is  approached 
should  be  more  thoroughly  and  properly  understood. 

Two  very  interesting  papers  have  been  read,  one  by  Professor  G.  A. 
Lebour,  and  the  other  by  Mr.  M.  Walton  Brown,  on  some  phenomena  which 
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have  been  observed  in  the  County  of  Durham  for  some  years  past,  and  which 
have  now  forced  themselves  more  particularly  into  notice.  These  earth 
tremor8,or"earthshakes"  as  they  have  been  called,  have  been  explained  in 
different  ways  by  these  two  gentlemen,  and  the  discussion  which  will 
arise  will  no  doubt  be  of  a  highly  interesting  nature. 

Of  the  mechanical  papers,  the  one  by  Mr.  "VV.  F.  Hall,  on  a  mode  of 
breaking  down  coal  without  the  aid  of  explosives,  will  be  probably  found 
the  most  interesting,  since  it  touches  a  subject  which  is  of  vital  importance 
to  the  profession  of  the  miner. 

Scarcely  less  in  importance  is  the  one  by  i\rr.  II.  Lawi'encc  on  a 
composite  metal,  as  a  substitute  for  copper  or  brass  in  the  manufacture  of 
stemming  gear,  and  which  is  of  such  a  nature  that  it  greatly  diminishes 
the  probability  of  giving  out  sparks. 

Other  papers  of  great  interest  have  also  been  read  but  hardly  call  for 
any  special  notice. 

The  abstracts  from  foreign  mining  and  mechanical  papers,  which  it 
was  decided  some  short  time  ago  to  add  to  the  volume  of  proceedings,  have 
been  made  this  year  with  much  care  by  the  gentlemen  entrusted  with  this 
portion  of  the  Transactions,  and  will  be  found  to  contain  much  valuable 
information. 

With  regard  to  the  general  success  of  the  Institute,  which  your 
Finance  Committee  has  set  forth,  your  Council  would  remark  that  in  the 
abstract  it  is  satisfactory^  but  they  do  not  see  any  reason  why  in 
future  yeai*8  much  more  satisfactory  reports  should  not  be  obtained ;  in  a 
society  like  this,  to  stand  still  is  practically  a  reverse. 

In  great  industries,  with  ever  increasing  activity  and  extended  opera- 
tions, like  those  which  this  Institute  represents,  it  should  advance  every 
year  with  mpid.  strides,  and  your  Council  feel  certain  that  this  would  l)e 
the  case  if  every  existing  member  would  bear  this  in  mind  and  use  his 
utmost  endeavours  to  strengthen  the  influence  of  the  Institute. 

In  conclusion,  it  may  be  interesting  to  the  membei*s  to  know  that  the 
Durham  College  of  Science,  which  was  founded  14  years  ago,  very  much 
through  the  exertions  of  Mr.  E.  F.  Boyd,  who  was  then  the  President  of  the 
Institute,  has  now  decided  to  puichase  a  site  in  the  cricket  field  and 
commence  building.  The  desire  and  earnest  wish  of  the  members  to  have 
a  college  where  the  sons  of  professional  gentlemen  might  be  educated  in 
scientific  subjects,  has  been  so  far  accomplished,  and  the  efforts  that  have 
been  made  for  many  years  by  the  Members  and  Council  of  this  Institute, 
have  at  last  ripened  into  success. 


Jinana  ^tpii. 


The  Income  for  the  financial  year  1883-84  has  been  £1,991  18s.,  and 
the  expenditare  £1,804  Is.  Id.,  leaving  a  surplus  of  income  over  expendi- 
ture of  £187  lis.  lid.  The  excess  of  income  over  expenditure  last  year 
was  £192  6s.  4d. 

The  total  amount  of  subscriptions  and  arrears  received  from  all 
classes  of  members  and  subscribing  collieries  has  been  £1,615  17s.,  being 
£3  19s.  more  than  the  amount  received  last  year. 

Arrears  still  continue  to  form  an  important  item  in  the  Balance  Sheet, 
the  amount  now  outstanding  being  £468  6s.,  an  increase  of  £36  15s., 
notwithstanding  every  effort  that  is  made  to  diminish  the  amount. 

There  has  been  a  decrease  of  8  in  the  number  of  members,  the  total 
number  of  all  classes  on  the  list  now  being  828.  This  is  not  satisfactory 
though  it  may  be  accounted  for  by  the  wide-spread  depi-ession  in  every 
branch  of  mining  and  engineering,  but  it  is  still  much  to  be  desired  that 
each  individual  member  should  use  his  interest  and  exertions  to  increase 
the  usefulness  of  the  Institute  by  obtaining  members  from  his  professional 
and  other  friends. 

The  Committee  recommend  that  £500  of  the  cash  at  bank  be 
invested. 

G.  B.  FOIISTER. 
JOHN  DAGLISH. 
L.  WOOD. 


(viii) 

AWARDS  FOR  PAPERS  WHICH  HAVE  APPEARED  IN 
VOLUMES  XXXI.  AND  XXXII.  OF  THE  TRANSACTIONS 
OF  THE  INSTITUTE. 


VOLUME   XXXI. 

Name. 

Title  of  Paper. 

Amount. 

A.  L.  Steaveuson 

Charles  Parkin     

0.  A.  Lebour       

W,  J.  Bird           ...         ... 

Edwin  Gilpin       

E.  P.  Melly          

J.  D.  Kendall       

Notes  upon  Messrs.  Pernolet  and  Agtiillon's 
"  Ileport  upon  the  Working  and  Regulation 
of  Fiery  Mines  in  England"          

On  Jet  Mining 

On  the  Present  State  of  our  Knowledge  of 
Underground  Temperature            

On    the    Comparative    Efficiency    of    Non- 
conducting Coverings  for  Steam  Pipes    ... 

On  the  Gold-fields  of  Nova  Scotia    

On  the  Anthracite  Coal  of  South  Wales 

On  the  Uwmatite  Deposits  of  Fumess 

£      a.     d. 

2    0     0 
10    0 

2  0    0 

10    0 

3  0    0 
10    0 
6    0    0 

15    0    0 

VOLUME  XXXII. 

C.  Tyldeu-Wright 

W.  J.  Bird           

Charles  Parkin    

Charles  Hunting 

W.  S.  Gresley      

E.  B.  Marten       

VV.  Steadman  Aldis 

V.  W.  Corbett     

J.  D.  Kendall       

On  the  Channel  Tunnel          

On    the    Comparative    Efficiency    of    Non- 
conducting   Coverings    for    Boilers    and 
Steam  Pipes             

On  the  Mineral  Resources  of  the  Rosedale 
Abbey  District         

On  the  Feeding  and  Management  of  Colliery 

XXwIo%9                   ««•                 •••                •••                •••                ••« 

On  Two  Systems  of  Working  the  Main  Coal 
at  Moira,  in  Leicestershire            

On  Explosions  of  Boilers  and  other  Vessels... 

On    Internal    Stress    in    Cylindrical    and 
Spherical  Dams       ...         ... 

On  Water-gauge,  Barometer,  and  other  Ob- 
servations t^en  at  Seaham  Colliery  during 
the  Time  the  Maudlin  Seam  was  sealed  up 

On  the  Structure  of  the  Cumberland  Coal- 

HdU          •••                           •••                           •••                           •*•                            ■»•                           m  •  9 

8    0    0 

10    0 
10    0 

3  0    0 

10    0 
2    0    0 

10    0 

6    0    0 

4  0    0 

21    0    0 

ADVERTISEMENT. 


The  Institute  is  not,  as  a  body,  responsible  for  the  facts  and  opinions 
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July  31H,  1884.  Cr. 


Bj  P^d  A.  Reid,  Publishing  Accoant  ... 


By 

Do. 

Coven  for  Parts  and  Stitching 

Bj 

Do. 

Binding  and  Sewing  Volumes 

By 

Do. 

Postage          

By 

Do. 

Stationery  and  Circulars 

By 

Do. 

Library 

By  other  Printing  and  Stationery        

By  Secretary's  Incidental  Expenses  and  Postage 

By  Sundry  Accounts       

By  Travelling  Expenses 

By  Secretary's  Salary     

By  Assistant's     Do.        

By  Reporter's    Do. 

By  Payments  on  Account  of  Furnishing 

A^j     AwdAv    •••        •••        •••        •■•        •••        ••• 

By  Rates  and  Taxes  

By  Fire  Insurance 

Bj  Water,  Coals,  and  Gas         

By  Books  for  Library  in  addition  to  Amount  paid  A 

By  Awards  for  Papi>rs 

By  Abstracts  of  Foreign  Papers 

By  Balance  at  Bankers 

By  Balance  in  hands  of  Treasurer        


£    s.  d. 

£     8.  d. 

566    5    4 

17  12    6 

43    2  10 

32    5    6 

99    0    8 

15  17  10 

774    4    3 
110 

198  17    5 

21  14  10 

5    8    4 

300    0    0 

75    0    0 

15  12    0 

162     1     3 

72  18    2 

11  13    5 

9    0    6 

24  11     7 

.Reid. 

49  12    3 
29    1    6 
53    4    7 
785  11    8 
97    6    2 

Audited  and  Certified, 

JOHN  G.  BENSON, 

Chabtebsd  Accountakt, 
Newcastle-on-Tyne, 

2iid  August,  1884. 


£2,(586  18  11 


(xii) 
Dr.  the  treasurer  IN  ACCOUNT 


To  633  Original  Members,  as  per  List  1883-84. 
10  of  whom  are  Life  Members. 


s.    d. 


623 
1  having  paid  as  a  Life  Member  20    0    0 

622  @  £2  2s....  1,096    4    0 


To    33  Ordinary  Members,  as  per  List  1883-84. 
1  of  which  is  a  Life  Member. 

32 
1  having  paid  as  a  Life  Member  25    0    0 

31  29  @  £3  3s.,  and  2  @  £2  2s 96  11     0 

To  119  Associate  Members,  as  per  List  1883-84. 
6  of  whom  are  Life  Members. 

114 

1  having  paid  as  a  Life  Member.  20    0    0 

Xlo  (^  9&A  aS.    ...  ...  ...  ...  ...  ...  ...  ...  ...  lUSt       D       v 

To  112  Students  as  per  List  1883-84. 

2  paid  as  Associates  ...         ...         ...         ...         ...         ...         ...  44    0 

110  @  £1  Is.  ...         ...         ...         ...         ...         ...         ...         ...         ...      115  10    0 


To    15  Subscribing  Collieries     ...        ...         ...         ...        ...         ...         ...        81  18    0 

To     8  New  Ordinary  Members  <g)  £3  3s 25    4    0 


To     9  New  Associate  Members  v9^  £2  2s 18  18    0 

To     5  New  Students  @  £1  Is 5    5    0 


To  Arrears,  as  per  last  Balance  Sheet       £431  11    0 

Deduct — 
To  Irrecoverable  1883-84  List        92    8    0 


1,745    0    0 


Audited  and  Certified, 

JOHN  G.  BENSON, 

Newcastle-upon-Tyne,  Chabtbbbd  Accountant. 

2nd  August,  1884. 


339    8     O 


£2,084    3     0 


(xiii) 


WITH  SUBSCRIPTIONS,   1883-84. 


Bj  436  Original  Members  paid  @  £2  28. 


By    67 

Do. 

unpaid 

By     9 

Do. 

dead,  unpaid 

By     8 

Do. 

resigned,  unpaid 

By     6 

Da 

gone,  no  address 

By      1 

Do. 

struck  off 

622 

By      1 

Do. 

paid  as  Life  Men 

By    22  Ordinary  Members  paid  @  £3  3s. 
By      2  Do.  paid  @  £2  2s. 

By     7  Do.  unpaid 


31 
By      1 


Do. 


paid  as  Life  Member 


By   96  Associate  Members  paid  @  £2  2s. 

By    16  Do.  unpaid         

By      1  Do.  gone,  no  address     . . . 

113 

1  Do.  paid  as  Life  Member 

By   87  Students  paid  @  £1  Is 

By    21       Do.      unpaid  

By     2      Do.      gone,  no  address  

110 

2  Do.      paid  as  Associates        

By    15  Subscribing  Collieries  paid        

By      7  New  Ordinary  Members  paid  at  £3  3s. 


By 


1 

8 


Do. 


unpaid 


By     5  New  Associate  Members  pud  at  £2  2s. 
By     4  Do.  unpaid 


Cr. 


PAID 
£         8. 

915  12 

*d. 
0 

UNPAID. 

£      8.    d. 

140  14  0 
18  18    0 

6  6  0 
12  12    0 

2    2    0 

20    0 

0 

69    6 

0 

4    4 

0 

10  10    0 


22     1    0 


25     0 

0 

201  12 

0 

33 

12 

0 

2 

2 

0 

20    0 

0 

91    7 

0 

22 

1 

0 

2 

2 

0 

4    4 

0 

81  18 

0 

22     1 

0 

3    3    0 


8    8    0 


By     6  New  Students  pud  @  £1  Is. 


By  Members'  Arrears  paid 
By  Students'        Do. 
By  CoUieriet        Do. 


5  5  0 


1,470  19  0  274  1  0 

121  16  0  182  14  0 

12  12  0  11  U  0 

10  10  0 


1,615  17  0   468  6  0 
1,615  17  0 


£2,084  3  0 


(xiv) 
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►3    * 


IpHtrons* 


His  Grace  the  DUKE  OF  NORTHUMBERLAND. 

His  Grace  the  DUKE  OF  CLEVELAND. 

The  Most  Noble  the  MARQUESS  OF  LONDONDERRY. 

The  Right  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  RAVENSWORTH. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENTWORTH  B.  BEAUMONT,  Esq.,  M.P. 


lonorHts  '^mhm. 


*  HononuT  Members  during  term  of  office  only. 
The  Right  Honourable  the  EARL  OF  RAVENSWORTH 
WILLIAM  ALEXANDER,  Esq.,  Inspector  of  Mines,  Glasgow 

•  Peof.  p.  PHILLIPS  BEDSON,  D.  So.  (Lond.),  Durham  College  of 

Science,  Newcastle-on-Tyne 

DE   BOUREUILLE,  Esq .  Commandeur  de  la  Legion  d'Honneur, 
Conseiller  d'et^it,  Inspectcur  General  des  Mines,  Paris 

•  Pbof.  G.  S.  BRADY,  M.D.,   F.R.S.,   F.L.S.,   Durham   CoUege  of 

Science,  Newcastle-on-Tyne         ...         

Db.  BRASSERT,  Berghauptmann.  Bonn-ara-Rhein,  Prussia 

Dr.  H.  von  DECHEN,  Berghauptmann,  Honn-am-Rhein,  Prussia.., 

JOSEPH  DICKINSON,  Esq.,  In8j)ector  of  Mines,  Manchester 

THOMAS  EVANS,  Esq.,  Iiisi)ector  of  Mines,  Pen-y-Brjn,  Duffield 
Road,  Derby  

THEOPHILE  GUIBAL,  Esq.,  School  of  Mines,  Mens,  Belgium     ... 

•  HENRY  HALL,  Esq.,  Inspector  of  Mines,  Rainhill,  Prescott 

•  Prof.  A.  S.  HERSCHEL,  M.A.,F.R.S.,  F.R.A.S.,  Durham  College  of 

Science,  Newcastle-on-Tyne 

The  Vert  Rev.  Dr.  LAKE,  Dean  of  Durham         

•  Prof.  G.  A.  LEBOUR,  M.A.,  F.G.S.,  Durham  Collie  of  Science, 

Newcastle-on-Tyne  ...         ...         

•  RALPH  MOORE,  Esq.,  Inspector  of  Mines,  Glasgow  

WARINGTON  W.  SMYTH,  Esq.,  28.  JermjTi  Street,  London 

E.  VUILLEMIN,  Esq.,  Mines  d*Aniche.  Nord,  France  

•  THOMAS  E.  WALES,  Esq.,  In8i)ector  of  Mines,  Swansea 

•  FRANK  N.  WARDELL,  Esq.,  Inspector  of  Mines,  Wath-on-Deame, 

near  Rotherham 

•  JAMES  WILLIS,  Esq.,  Inspector  of  Mines,  14,  Portland  Terrace, 

Newcastle-on-Tyne  

THOMAS  WYNNE,  Esq.,  Inspector  of  Mines,  Manor  House,  Gnosall, 
otaff ord        ...         ...         ...         ...         ...         ...         ...         ... 


life  "^mhxfi. 

C.  W.  BARTHOLOMEW,  Esq.,  Blakesley  Hall,  near  Towcester    ... 
THOS.  HUGH  BELL,  Esq.,  Middlesbro'-on-Tees      

DAVID    BURNS,   Esq.,  C.E.,   Clydesdale   Bank   Buildings,   Bank 

oCreet,  v/ariisie        ...         ...         ...         •••         ...         ...         ... 

E.  B.  COXE,  Esq.,  Drifton,  Jeddo,  P.O.,  Luzerne  Co.,  Penns.,  U.S. ... 

JAMES  S.  DIXON,  Esq.,  170,  Hope  Street,  Glasgow  

ERNEST  HAGUE,  Esq.,  Castle  Dyke,  Sheffield         

G.  C.  HEWITT,  Esq.,  Coal  Pit  Heath  CoUiery,  near  Bristol 
JAMES  HILTON,  Esq.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan 

THOS.  E.  JOBLING,  Esq.,  Bebside  Colliery,  Cowpen  Lane,  North- 
umberland   ... 

HENRY  LAPORTE,  Esq.,  M.E.,  80,  Rue  Royale,  Brussels 

W.  M E  Rl VA  L  E,  c  b  Mackinnon  and  Mackenzie,  Bombay      

NATHAN  MILLER,  Esq 

H.  J.  MORTON,  Esq.,  2,  Westboume  Villas,  South  Cliff,  Scarborough    1856      1861 

RUDOLPH  NASSE,  Esq.,  Kouigl  Bergwerks  Director,  Louisenthal, 

Saarbriicken  ...         ...         ••.         ...         ...         ...         ...  1869  1880 

ARTHUR  PEASE,  Esq.,  M.P.,  Darlington     1882  1882 

W.  A.  POTTER,  Esq.,  Cramlington  House,  Northumberland  ...  1853  1874 

R.  CLIFFORD  SMITH,  Esq.,  Parkfield,  Swinton,  Manchester       ...  1874  1874 
T.  H.  WARD,  Esq.,  Assistant  Manager,  East  Indian  Railway  Collieries, 

Giridi,  Bengal.  India         ...         ...         ...  1882  1888 


Mxv.     Hon. 

1877 

1863 

1883 

1853 

1876 

18iS^ 

1853 

1853 

1855 

1870 

1876 

1872 

1872 

1873 

1879 

1866 

1869 

1878 

1855 

1866 

1864 

1868 

1857 

1871 

1868 

F.z.soT«n. 
Mi-M.    lAwn. 

1875   1876 

1882 

1882 

1877 

1877 

1873 

1874 

1878 

1880 

1872 

1876 

1871 

1879 

1867 

1883 

1876 

1882 

1877 

1877 

1881 

1884 

1878 

1878 

OFFICERS,     1884-85. 

^rrsibfnt. 

JOHN  DAGLISH,  Esq.,  Marsden,  South  Shields. 

0iff-'grtsibtnts. 

I.  LOWTHIAN  BELL.  Esq.,  Rounton  Grange,  Northallerton. 

T.  J.  BEWICK,  Esq.,  Hajdon  Bridge,  Northumberland. 

WM.  COCHRANE,  Esq.,  Grainger  Street  West,  Newcastle-on-Tyne. 

JOHN  MARLEY,  Esq.,  Thomfield.  Darlington. 

J.  B.  SIMPSON,  Esq.,  HcdgeAeld  House,  Blajdon-ouTyne. 

A.  L.  STEAVENSON,  Esq.,  Durham. 

Counril. 

W.  N.  ATKINSON,  Esq.,  ShinclifPe  Hall,  Durham. 

T.  W.  BENSON,  Esq.,  II,  Newgate  Street,  Newcastle-on-Tyno. 

WM.  BOYD,  Esq.,  74,  Jesmoud  Road,  Newcastle-on-Tjne. 

S.  C.  CRONE,  Esq..  Killingworth  Hall,  Newcastle-on-Tyne. 

T.  DOUGLAS,  Esq.,  Peases'  West  Collieries,  Darlington. 

GEO.  C.  GREENWELL,  Jun.,  Esq.,  Poynton,  near  Stockport. 

W.  H.  HEDLEY,  Esq.,  Medomsley,  Newcastle-on-Tyne. 

THOS.  HEPPELL,  Esq.,  Leafield  House,  Chcstor-le-Street. 

H.  LAWRENCE,  Esq.,  Grange  Iron  Works,  Durham. 

W.  G.  LAWS,  Esq.,  Town  Hall  Buildings,  Newcastle-on-Tyne. 

Pbov.  G.  a.  LEBOUR,  Durham  College  of  Science,  Newcastle-on-Tyne. 

GEO.  MAY,  Esq.,  Harton  Colliery  Offices,  near  South  Shields. 

B.  S.  NEWALL,  Esq.,  Femdene.  Gateshead-on-Tyne. 

A.  M.  POTTER,  Esq.,  Shire  Moor  ColUery,  Northumberland. 

H.  RICHARDSON,  Esq.,  Backworth  Colliery,  Newcastle-on-Tyne. 

R.  ROBINSON,  Esq.,  Howlish  HaU,  near  Bishop  Auckland. 

J.  G.  WEEKS,  Esq.,  Bedlington  Collieries,  Bedlington. 

J.  WILLIS,  Esq.,  14,  Portland  Terrace.  Newcastle-on-Tyne. 

fSiE  W.  G.  ARMSTRONG,  C.B.,  LL.D.,  F.R.S.,  Jesmoud,^. 
Newcastle-on-Tyne.  • 

E.  F.  BOYD,  Esq.,  F.G.S.,M()or  House, Leaniside,  Fence  Houses. 
Sir  GEORGE  ELLIOT,  Bart.,  M.P.,  HoughUm  HaU,  Fence 


Houses. 


Past 


LINDSAY  WOOD,  Estj.,  Southill,  Chester -le- Street.  *"  Presidents. 

Ex'omcio  -(  ^'  ^'  GREENWELL,  Esq.,  F.G.S.,  Elm  Tree  Lodge,  Duffield, 
'  *^        I  Derby. 


G.   B.    FORSTER,  Esq.,  M.A.,  Lesbury,  R.S.O.,  Northum-  . 
berland.  J 


^rrrrlarg  aui)  Srrasurrr. 

THEO.  WOOD  RUNNING,  Neville  Hall.  Newcaatle-on-Ty no. 


iat    0f    Miemljjers^ 


AUGUST,  1884w 


^riginnl   '^tmhtx%. 


Marked  *  are  Life  Members. 

BLX«TKD 

1  Adams,  G.  F.,  Guild  Hall  Chambers,  Cardiff Dec.    6,1873 

2  Adams,  W.,  Cambridge  House,  Park  Place,  Cardiff     1854 

8  Adamsok,  Daniel,  Engineering  Works,  Dukinfield,  near  Manchester  Aug.    7,  1875 

4  AiTKiK,  Henry,  Falkirk,  N.B Mar.    2,1865 

5  Allison,  T.,  Belmont  Mines,  Guisbro' Feb.    1,1868 

6  Anderson,  C.  W.,  Cleadon  House,  Harrogate Aug.  21, 1852 

7  Anderson,  William,  Rainton  Colliery,  Fence  Houses  Aug.  21, 1852 

8  Andrews,  Hugh,  Felton  Park,  Felton,  Northumberland       Oct.     6, 1872 

9  Appleby,  C.  E.,  Charing  Cross  Chambers,  Duke  St.,  Adelphi,  London  Aug.    1,  1861 

10  Archer,  T.,  Dnnston  Engine  Works,  Gateshead  July    2,1872 

11  Armstrong,  Sir  W.  G.,  C.B.,  LL.D.,  F.R.S.,  Jesmond,  Newcastle- 

upon-Tyne  {PAav  FRE3IDEVT,  Member  of  Council)  May    8,1866 

12  Armstrong,  Wm.,  Pelaw  House,  Chester-le-Street  (Retiring  Vice- 


President,  Jf«n6er  q^  Co«»«/)     

18  Armstrong,  W.,  Jun.,  Wingate,  Co.  Durham 

14  Armstrong,  W.  L.,  Oaklands  Rock,  near  Bewdley      

15  Arthur,  David,  M.E.,  Accrington,  near  Manchester 

16  Ash  worth,  James,  Mapperley  Colliery,  West  Hallam,  Derby 

17  Ashworth,  John,  Hanover  Chambers,  King  Street,  Manchester 

18  Asquith,  T.  W.,  Seaton  Delaval  Colliery,  Northumberland    ... 

19  Atkinson,  J.  B.,  Ridley  Mill,  Stocksfield-on-Tyne      

20  Atkinson,  W.  N.,  Shincliffe  Hall,  Durham    (Member  of  Council) 

21  Aubrey,  R.  C,  Wigan  Coal  &  Iron  Co.  Ld.,  Standish,  near  Wigan 

22  AusTiNB,  John,  Cadzow  Coal  Co.,  Glasgow 

23  Aynslby,  Wm.,  Brynkinalt  Collieries,  Chirk,  Ruabon 


24  Bailbs,  George,  Murton  Colliery,  Sunderland 

25  Bailes,  John,  Wingate  Colliery,  Ferryhill 

26  Bailes,  T.,  6,  CoUingwood  Terrace,  Jesmond  GardenS; 

27  Bailes,  W.,  West  Melton,  Rothcrham 

28  Bailby,  Samuel,  Perry  Barr,  Birmingham 

29  Bain,  B.  Donald,  Newport,  Monmouthshire  ... 


Newcastle 


Aug.  21, 1852 

April  7,1867 

Mar.  3,1864 

Aug.  4,1877 

Feb.  5,1876 

Sept.  2,1876 

Feb.  2,1867 

Mar.  5,  1870 

June  6, 1868 

Feb.  5, 1870 

Nov.  4,1876 

Mar.  3.1873 

Feb.  3, 1877 

Sept.  5,1868 

Oct.  7, 1858 

April  7,1877 

June  2, 1859 

Mar.  8,1878 


■LXCTKO. 

Dec. 

8,1863 

Aug. 

4,  1877 

Dec. 

6,1866 

Oct. 

7, 1871 

Sept. 

11, 1876 

Aug. 

5, 1853 

Dec. 

4,  1875 

1854 

Mar. 

3,  1873 

Mar 

3, 1873 

Dec. 

6,1868 

Mar. 

7, 1867 

Nov. 

7,  1874 

(xix) 

30  Bainbbidob,  E.,  Nunnery  Colliery  Offices,  Sheffield 

31  Banks,  Thomas,  Leigh,  near  Manchester         

82  Babclay,  a.,  Caledonia  Foundry,  Kilmarnock  

83  Bahnbs,  T.,  Seaton  Delaval  Office,  Qnay>  Newcastle-on-Tyne 

v4   JPABKAT,  JBLm  «!•  ...  ...  ...  ...  ...  ...  ... 

85  Babtholombw,  C,  Castle  Hill  House,  Ealing,  London,  W 

86*Babtholohbw,  C.  W.,  Blakeslev  Hall,  near  Towcester 

87  Bassett,  a.,  Tredegar  Mineral  Estate  Office,  Cardiff 

88  BATBd,  Matthew,  Bews  Hill,  Blaydon-on-Tyne  

89  Batbs,  W.  J.,  Old  Axwell,  Whickham,  Gateshead-on-Tyne    ... 

40  Batby,  John,  Newhury  Collieries,  Coleford,  Bath      

41  Beanlands,  A.,  M.A.,  North  Bailey,  Durham 

42  Bbaumont,  James,  M.E.,  Nanaimo,  Vancouver's  Island 

43  BBLL,I.LowTHiAN,RountonGrange,  Northallerton  (Vicb-Pbesident)  July    6,1854 

44  Bell,  John,  Messrs.  Bell  Brothers,  Middlesbro*-on-Tees        Oct.     1,1857 

45  Benson,  J.  G.,  Accountant,  12,  Grey  Street,  Newcastlc-on-Tyne       ..    Nov.    7, 1874 

46  Benson,  T.  W.,  11,  Newgate  Street,  Newcastle  (^Member  of  CouncilJ  Aug.    2,  1866 

47  Bebklby,  C,  Marley  Hill,  Whickham  R.S.O.,  Co.  Durham Aug.  21, 1852 

48  Bewick,  T.  J.,  M.I.C.E.,  F.G.S.,  Haydon  Bridge,  Northumberland 

(Vicb-Pbesident) April  5,1860 

49  BiDDEB,  B.  P.  May     2,  1867 

60  BiGLAND,  J.,  Bedford  Lodge,  Bishop  Auckland            June  4,  1857 

61  BiNNS,  C,  Clay  cross,  Derbyshire July  6,1854 

62  BiBAM,  B.,  Peaseley  Cross  Collieries,  St.  Helen's,  Lancashire            . . .  1856 

63  Black,  James,  Jun.,  Portobello  Foundry,  Sunderland            Sept.  2,  1871 

64  Black,  W.,  Hedworth  Villa,  South  Shields       April  2,  1870 

55  Boltjn,  H.  H.,  Newchurch  Collieries,  near  Manchester        Dec.  5,  1868 

66  Booth,  R.  L.,  Ashington  Colliery,  near  Morpeth         1864 

67  BouBNB,  Thos.  W.,  Bibblngton  Coal  Co.,  Nottingham  Sept.  11,  1875 

58  Boyd,  E.  P.,  Moor  House,  Leamside,  Fence  Houses  (Past  President, 

Member  of  Council)  ...         ...         ...         ...         ...         ...  ...  Aug.  21,  1852 

69  Boyd,  R.  F.,  Moor  House,  Leamside,  Fence  Houses      Nov.    6,1869 

60  Boyd,   Wm.,  74,  Jesmond   Road,   Newcastle-on-Tyne   (Member  of 

Council)          Feb.  2,  1867 

61  Bbeckon,  J.  R.,  32,  Fawcett  Street,  Sunderhind         Sept.  3,1864 

62  Bbbttell,  T.,  Mine  Agent,  Dudley,  Worcestershire Nov.  3,1866 

63  Bbomilow,  Wm.,  18,  Leicester  Street,  Southport,  Lancashire           . . .  Sept.  2,  1876 

64  Bbown,  John,  Priory  Place,  155,  Bristol  Road,  Birmingham           . . .  Oct.  5,  1854 

65  Bbown,  J.  N.,  56,  Union  Passage,  New  Street,  Birmingham             . . .  1861 

66  Bbown  Thos.  Fobstbb,  Guild  Hall  Chambers,  Cardiff         1861 

67  Bbowne,  B.  C,  M.I.C.E.,  2,  Granville  Road,  Jesmond,  Newcastle    ...  Oct.  1,  1870 

68  Bbyham,  William,  Rosebridgc  Colliery,  Wigan         Aug.  1,  1861 

69  Bbyham,  W.,  Jun.,  Douglas  Bank  Collieries,  Wigan              Aug.  3,  1865 

70  BuNNiNO,   Theo.    Wood,   Neville   Hall,   Newcastle-on-Tyne 

f Secretary  and  Treasurer)  1864 

71*BuuN8,  David,  C.E.,  Clydesdale  Bank  Buildings,  Bank  St.,  Carlisle...  May    5,  1877 
72  Bfbbows,  J.  S.,  Yew  Tree  House,  Atherton,  near  Manchester  ...  Oct.   11, 1873 


(«) 


73  Campbell,  W.  B.,  Consulting  Engineer,  Grey  Street,  Newcastle      ...  Oct.     7, 1876 

74  Cakb,  Wm.  Cochean,  South  Benwell,  Newcastle-on-Tyne     Dec     8,  1857 

75  Chadborn,  B.  T.,  Pinxton  Collieries,  Alfreton,  Derbyshire 1864 

76  Chambbes,  a.  M.,  Thorncliffe  Iron  Works,  near  Sheffield      Mar.    6, 1869 

77  CuEBSMAN,  I.,  Throckley  Colliery,  Newcastle-on-Tyne  Feb.     1,1878 

78  Chebsman,  \V.  T.,  Wire  Rope  Manufacturer,  Hartlepool       Feb.     5, 1876 

79  Childb,  Rowland,  Wakefield,  Yorkshire         May  15, 1862 

80  Clabence,  Thomas,  10,  Bentinck  Crescent,  Newcastle-on-Tyne       ...  Dec.     4»  1875 

81  Clark,  C.  F.,  Garswood  Coal  and  Iron  Co.,  near  Wigan        Aug.    2, 1866 

82  Clark,  R.  B.,  Marley  Hill,  near  Gateshead       May     3, 1873 

83  Clark,  W.,  M.E.,  The  Grange,  Teversall,  near  Mansfield       April  7, 1866 

34  Claekb,  William,  Victoria  Engine  Works,  Gateshead  Dec.    7, 1867 

85  CocHEANB,  B.,  Aldin  Grange,  Durham Dec.    6,1866 

86  Cochrane,  C„  The  Grange,  Stourbridge  June    3,1857 

87  Cochrane,  W.,  St.  John's  Chambers,  Grainger  Street  West,  Newcastle 

(Vice-President) 1859 

88  Cole,  Richard,  Walker  Colliery,  near  Newcastle-on-Tyne    ...  .  April  5,  1873 

89  Cole,  Robert  Heath,  Lord  Street,  Basford,  Stoke-upon-Trent       ...  Feb.     5, 1876 

90  Collis,  W.  B.,  Swinford  House,  Stourbridge,  Worcestershire  ...  June    6, 1861 

91  Cook,  J.,  Jun.,  Washington  Iron  Works,  Gateshead May    8, 1869 

92  Cooke,  John,  3,  Cross  Street,  Durham Nov.    1,1860 

93  Co. jkbey,  Joseph,  West  Brorawich,  Stafifordshire       Aug.    3,1865 

94  Cooper,  P.,  Thomley  Colliery  Office,  Ferryhill Dec.    3, 1857 

95  Cooper,  R.  £.,  C.E.,  8,  The  Sanctuary,  Westminster,  London,  S.W. ...  Mar.    4>  1871 

96  Cooper,  T.,  Rosehill,  Rotherham,  Yorkshire     April  2,1863 

97  Cope,  Jambs,  9  and  10,  Glebe  Buildings,  Stoke-upon-Trent Oct.     5, 1872 

98  Corbet  r,  V.  W.,  Chilton  Moor,  Fence  Houses  Sept.    3, 1870 

99  CoRBiTT,  M.,  Wire  Rope  Manufacturer,  Teams,  Gateshead Dec.     4»  1875 

100  CouLSON,  F.,  10,  Victoria  Terrace,  Durham      Aug.    1,1868 

101  CouLsON,  W.,  32,  Crossgate,  Durham Oct     1,1852 

102  COWEN,  Jos.,  M.P.,  Blaydon  Burn,  Newcastle-on-Tyne  Oct     5, 1864 

103  Co WEY,  John,  Wearmouth  Colliery,  Sunderland         Nov.    2,1872 

104  Cox,  John  H.,  10,  St.  George's  Square,  Sunderland     Feb.    6.1875 

105»CoxE,  E.  B.,  Drifton,  Jeddo,  P.  O.  Luzerne  Co.,  Penns.,  U.S.  ...  Feb.    1,  1873 

106  CoxoN,  S.  B.,  23,  Great  George  Street,  Westminster,  London  ...  June    5, 1856 

107  CuAio,  W.  Y.,  Palace  Chambers,  St.  Stephen's,  Westminster,  London  Nov.    3, 1866 

108  Crawford,  T.,  Littletowu  Colliery,  near  Durham       Aug.  21, 1852 

109  Crawford,  T.,  3,  Grasmere  Street,  Gateshead-on-Tyne  Sept   3,1864 

110  Crawford,  T.,  Jun.  Littletown  Colliery,  near  Durham  Aug.    7, 1869 

111  C&AWSHAY,  E.,  Gateshead-on-Tyne        Dec    4^1869 

112  Crawshay,  G.,  Gateshead-on-Tyne        Dec    4,1869 

113  Cronb,  E.  W.,  Killingworth  Hall,  near  Newcastle-on-Tyne Mar.    5, 1870 

114  Cbone,  J.  R.,  Tudhoe  House,  via  Spenuy moor Feb.     1,1868 

115  Cbone,  S.  C,  Killingworth  Hall,  Newcastle  (Member  of  Council)  ...  1853 

116  Cross,  John,  77,  King  Street,  Manchester        June   5,1869 

117  Cboudaoe,  C.  J.,  Bettisdeld  CoUiery  Co.,  Limited,  Bagillt,  N.  Wales    Nov.    2, 1872 
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118  Ceoudace,  JoHir,  West  House,  Haltwhistle     June   7,1873 

119  Croitdacs,  Thouas,  Lambton  Lodge,  New  South  Wales       1862 

120  Daolish,  John,  Marsden,  South  Shields  (Pkesident)  Aug.  21,  1852 

121  Daolish,  W.  S.,  Solicitor,  Newcastle-on-Tyne July     2,1872 

122  Daeers,  J..  Chilton  Colliery,  Ferryhill April  11,  1874 

123  Dale,  David,  West  Lodge,  DarUngton Feb.     5,1870 

124  D'Akdrimont,  T.,  Li^ge,  Belgium         Sept.   3,1870 

125  Daniel,  W.,  Steam  Plough  Works,  Leeds        June    4,1870 

126  Darling,  Fenwick,  South  Durham  Colliery,  Darlington       Nov.    6, 1876 

127  Darlington,  James,  Black  Park  Colliery  Co.  Limited,  Ruabon      . . .  Nov.    7, 1874 

128  Darlington,  John,  2,  Coleman  Street  Buildings,  Moorgate  Street, 

Great  Swan  Alley,  London April  1,1865 

129  Davey,  Henry,  C.E.,  Leeds        Oct.   11,1873 

130  Davis,  David,  Coal  Owner,  Maesyffynon,  Aberdare Nov.  7,1874 

131  Day,  W.  H.            Mar.  6,1869 

132  Dees,  R.  R.,  Solicitor,  Newcastle-on-Tyne         Oct.  7,1871 

133  Dickinson,  G.  T July  2,1872 

134  Dickinson,  R.,  Coal  Owner,  Shotley  Bridge,  Co.  Durham      Mar.  4,  1871 

136  Dixon,  D.  W.,  Lurapsey  Mines,  Brotton,  Saltburn-by-the-Sea          ...  Nov.  2,1872 

136  Dixon,  Nich.,  Dudley  Colliery,  Dudley,  Northumberland     Sept.  1,  1877 

137  Dixon,  R.,  Wire  Roi>e  Manufacturer,  Teams,  Gateshead        Juno  5,1875 

138  DODD,  B..  Bearpark  Colliery,  near  Durham       May  3,  1866 

139  DODDS,  Joseph,  M.P.,  Stockton-on-Tees  Mar.  7,1874 

140  Douglas,  C.  P.,  Parliament  Street,  Consett,  Co.  Durham      Mar.  6,  1869 

141  Douglas,  T.,  Peases'  West  Collieries,  Darlington  (Retiring  Vice- 

President,  JfewJ^r  q/*  Com  »«7J     Aug.  21, 1852 

142  Dove,  G.,  Viewfleld,  Stanwix,  Carlisle July    2,1872 

143  DowDBS WELL,  H.,  Butterknowle  Colliery,  ma  Darlington      April   5,1873 

144  Dyson,  George,  Middlesborough  June    2,1866 

146  Dyson,  O.,  Pooley  Hall  Colliery,  near  Tamworth         Mar.    2,  1872 

146  Eddison,  Robert  W.,  Steam  Plough  Works,  Leeds Mar.    4, 1876 

147  Elliot,  Sib  George,  Bart.,  M.P.,  Houghton   Hall,  Fence  Houses 

(Past  President,  Jlf(Mn6er  q^  Cott»ci7J     Aug.  21, 1852 

148  Elsdon,  Robert,  76,  Manor  Road,  Upper  New  Cross,  London  . . .  Nov.    4,  1876 

149  EiCBLBTON,  T.  W.,  The  Cedars,  Methley,  Leeds  Sept.    6,  1855 

160  Embleton,  T.  W.,  Jun.,  The  Cedars,  Methley,  Leeds Sept.   2,1865 

161  Ehinson,  J.  B.,  Londonderry  Offices,  Scaham  Harbour  Mar.    2.  1872 

162  EvERARD,  I.  B.,  M.E.,  6,  Millstone  Lane,  Leicester     Mar.    6,1869 

163  Farmer,  A.,  South  Durham  Fitting  Offices,  West  Hartlepool  ...  Mar.    2,  1872 

164  Farrar,  James,  Old  Foundry,  Bamsley  July    2,1872 

166  Favbll,  Thomas  M.,  Etruria  Iron  Works,  near  Stoke-on-Trent       . . .  April   5, 1873 

166  Fenwick,  Barnabas,  84,  Osborne  Road.  Newcastle-on-Tyne  . . .  Aug.    2, 1866 

157  Fbhens,  Robinson,  Oswald  Hall,  near  Durham  April  7,1877 

168  FiDLER,  E.,  PUtt  Lane  Colliery,  Wigan,  Lancashire Sept.    1,1866 

169  Fisher,  R.  C,  6,  Picton  Place,  Swansea  July    2,1872 
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160  Plbtchbr,  Gbo Aug.  1,1874 

161  Fletcher,  H.,  Ladyshore  Coll.,  Little  Lever,  Bolton,  Lancashire    ...  Aug.  3, 1866 

162  Fletcher,  Jas.,   Manager  Co-operative   Collieries,    Wallsend,   near 

Newcastle,  New  South  Wales  Sept.  11, 1875 

163  Fletcher,  John,  79,  Newby  Street,  Walton  Lane,  Liverpool           ...  July  2,  1872 

164  FoaoiN,  Wm.,  North  Biddick  Coll.,  Washington  Station,  Co.  Durham  Mar.  6,  1876 

165  Forrest,  J.,  Ass.  I.C.E.,  Witley  Coll.,  Halesowen,  Birmingham       ...  Mar.  6, 1870 

166  Forster,  G.    B.,   M.A.,  Lesbury,    R.S.O.,    Northumberland    (Past 

President,  Member  of  Council)     Nov.  6, 1862 

167  Forster,  J.  R.,  Water  Company's  Office,  Newcastle-on-Tyne           ...  July  2, 1872 

168  Forster,  J.  T.,  Bumhope  Colliery,  near  Lanchester,  Co.  Durham    ...  Aug.  1,  1868 

169  Forster,  R.,  South  Hetton,  Fence  Houses       Sept.  6, 1868 

170  FosTEB,  George,  Osmondthorpe  Colliery,  near  Leeds Mar.  7,1874 

171  France,  Francis,  St.  Helen's  Colliery  Co.  Ld.,  St.  Helen's,  Lancashire  Sept.  1, 1877 

172  Prance,  W.,  Lofthouse  Mines,  Loftus-in-Cleveland  R.S.O April  6,1867 

173  Franks,  George,  Victoria  Garesfield,  Lintz  Green,  Newcastle-on-Tyne  Feb.  6, 1876 

174  Galloway,  T.  Lindsay,  M.A.,  Argyle  Colliery,  Campbeltown,  N.B.  Sept.  2, 1876 

175  Gerrard,  John,  Westgate,  Wakefield   ..."      Mar.  5,1870 

176  Gillett,  F.  C,  Midland  Road,  Derby July  4,1861 

177  GiLMOUR,  D.,  Portland  Colliery,  Kilmarnock Feb.  3,1872 

178  Gilpin,  EowiN,  75,  Birmingham  Street,  Halifax,  NoN^a  Scotia         ...  April  5,  1873 

179  GiLHOY,  G.,  Ince  Hall  Colliery,  Wigan,  Lancashire     Aug.  7, 1856 

180  GiLROY,  S.  B.,  Mining  Engineer,  Cheatham  Hill,  Manchester            ...  Sept.  5,  1868 

181  Gjers,  John,  Southfield  Villas,  Middlesbro'      June  7, 1878 

182  GoDDARD,  F.  R.,  Accountant,  Newcastle-on-Tyne        Nov.  7,  1874 

183  Gordon,  James  N.,  c/o  W.  Nicolson,  5,  Jeffrey's  Square,  St.  Mary 

Axe,  London,  E.C Nov.  6, 1876 

184  Grace,  £.  N.,  Dhadka,  Assensole,  Bengal,  India          Feb.  1,  1868 

185  Grant,  J.  IL,  District  Engineer,  Beerbhoou,  Bengal,  India  ...         ...  Sept.  4, 1869 

186  Greaves,  J.  O.,  St.  John's,  Wakefield Aug.  7,1862 

187  Green,  J.  T.,  Mining  Engineer,  Ty  Celyn,  Abercarn,  Newport,  Mon.  Dec.  8,  1870 

188  Greener,  John,  General  Manager,  Vale  Coll.,  Pictou,  Nova  Scotia ...  Feb.  6,  1876 

189  Greenwell,  G.  C,  Elm  Tree  Lodge.  Duffield,  Derby  (Past  Presi- 

dent, 3fe»»6er  o/*  Cofimn7J Aug.  21,  1862 

190  Greenwell,  G.  C,  Jun.,  Poynton,  near  Stockport  ^Member  of  Council)  Mar.  6, 1869 

191  Gheig,  D.,  Leeds Aug.  2,1866 

192  Grey,  C.  G.,  55,  Parliament  Street,  London      May  4»  1872 

193  Grieves,  D.,  Brancepeth  Colliery,  Willington,  County  Durham       ...  Nov.  7, 1874 

194  Griffith,  N.  R.,  Wrexham         1866 

195  GuiMSHAW,  E.  J.,  23,  Hardshaw  Street,  St.  Helen's,  Lancashire       ...  Sept.-  6, 1868 

196  Haooie,  D.  H.,  Wearmouth  Patent  Rope  Works,  Sunderland          ...  Mar.  4,  1876 

197  Hag o IE,  P.,  Gateshead      1864 

198*Hague,  Ernest,  Castle  Dyke,  Sheffield            Mar.  2,1872 

199  Haines,  J.  Richard,  Adderley  Green  Colliery,  near  Longton           ...  Nov.  7,  1874 

20)  Hale."?,  C,  Noniuis  Cottage,  Nerquis,  near  Mold,  Flintshire     ..         ...  1866 

201  Hall,  M.,  Lofthouse  Station  Collieries,  near  Wakefield Sept.   6, 1868 
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202  Hall,  M.  S.,  Leasingtfaome  Colliery, near  Bishop  Auckland  ...  ..   Veh.  14,  1874 

203  Haxl,  Wm.,  East  Hetton  Colliery  Office,  Coxhoe,  Co.  Durham  ...   Dec.     4, 1876 

204  Hall,  William  P.,  Haswell  Colliery,  Ponce  Houses May  13, 1858 

206  Hank,  Edmuj^d,  Aberamau,  Aberdare Sept.   5,1868 

206  Harbottlb,  W.  H.,  Orrell  Colliery,  near  Wigan         Dec.  4,1875 

207  Hardy,  Jos.          June  2,1877 

208  HABasEAVEd,  William,  Rothwell  Haigh,  Leeds         Sept.  5,1868 

209  H  ABLE,  Richard,  Browney  Colliery,  Durham April  7,1877 

210  Harle,  William,  Pagebank  Colliery,  near  Durham Oct.  7,1876 

211  Harrison,  R.,  Eastwood,  near  Nottingham       1861 

212  Harrison,  T.  E.,  C.E.,  Central  Station,  Newcastle-on-Tyne May  6,  1853 

213  Harrison,  W.  B..  Brownhills  ColKeries,  near  Walsall            April  6,1867 

214  Hay,  J.,  Jun.,  Widdrington  Colliery,  Acklington         Sept.  4,  1869 

216  Hbckels,  Matthew,  Walker  Colliery,  Newcastle-on-Tyne April  11, 1874 

216  Hbckels,  W.  J.,  Eveuwood,  Bishop  Auckland  May  2,1868 

217  Hedley,  J.  J.,  Consett  Collieries,  Lcadgate,  County  Durham  ...  April  6,  1872 

218  Hedley,  J.  L.,  Flooker's  Brook,  Chester  Feb.  5,1870 

219  Hedley,  T.  P.,  Valuer,  Sunderland        Mar.  4,1871 

220  Hedley,  W.  H.,  Consett  Collieries,  Medomsley,  New^castle-on-Tyne 

(Member  of  CouncilJ  1864 

221  Henderson,  H.,  Pelton  Colliery,  Chester-le-Street        Feb.  14,  1874 

222  Hbppell,  T.,  Leafield  House,  Birtley,  Chester- le- Street  (Member  of 

\yOfttlC%ty  ...  ...  ...  ...  ...  ...  ... 

223  Heppbll,  W.,  Western  Hill,  Durliam 

224  Herdman,  J.,  Park  Crescent,  Bridgend,  Qlamorg^nshire 

225  Heslop,  C,  Lingdale  Mines,  via  Skelton,  R.S.O.,  Yorks 

226  HE3L0P,  Grainger,  WhitweU  Colliery,  Sunderland 

227  Heslop,  J.,  Hucknall  Torkard  Colliery,  near  Nottingham      ... 

228  Hethbbinotox,  D.,  Coxlodge  Colliery,  Newcastle-on-Tyne    ... 
229*Hbwitt,  G.  C,  Coal  Pit  Heath  Colliery,  near  Bristol 

230  Hewlett,  A.,  Haigh  Colliery,  Wigan,  Lancashire       

231  HiasoN,  Jacob,  94,  Cross  Street,  Manchester 

232*  Hilt  JN,  J.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan 

233  Hilton,  T.  W.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan    ... 

234  Hindmaesh,  Thomas,  Cowpen  Lodge,  Blyth,  Northumberland 

235  HODQSON,  J.  W.,  Dipton  Colliery,  via  Lintz  Green  Station    ... 

236  Holliday,  Martin  F.,  Langley  Grove,  near  Durham 

237  Holmes,  C,  Grange  Hill,  near  Bishop  Auckland         

238  Homer,  Charles  J.,  Mining  Engineer,  Stoke-on-Trent 

239  Hood,  A.",  6,  Bute  Crescent,  Cardiff        

240  Hope,  George,  Newbottle  Colliery,  Fence  Houses      

241  Hornsby,  H.,  Hamstecls  Colliery,  near  Durham  

242  HORSLEY,  W.,  Whitehill  Point,  Percy  Main,  Newcastle-on-Tyne 

243  HosKOLD,  H.  D.,  C.  and  M.E.,  F.R.G.S.,  F.G.S.,  M.  Soc.  A.,  &c. 

244  Howard,  W.  F.,  13,  Cavendish  Street,  Chesterfield 

246  Hctdson,  Jambs,  Albion  Mines,  Pictou,  Nova  Scotia 

246  Humble,  John,  West  Pelton,  Chester-le-Street  
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247  Humble,  Jos.,  Staveley  Works,  near  Chesterfield        Jane   2,1866 

2iS  HuNTBR,  J.,  Silkstone  and  Worsbro'  Park  Collieries,  near  Bamsley  ...  Mar.    6,  1869 

249  Hunter,  W.,  Monk  Bretton  Colliery,  near  Bamsley Oct.     3, 1861 

250  Hunter,  W.  S.,  31,  Grey  Street,  Newcastle-on-Tyne Feb.     1, 1868 

251  Hunting,  Charles,  Fence  Houses        Dec.    6,1866 

252  Hurst,  T.  G.,  F.G.S.,  Osborne  Road,  Xewcastle-on-Tyne     Aug.  21, 1862 

253  Jackson,  C.  G.,  Chamber  Colliery  Co..  Limited,  Hollinwood June   4^  1870 

251  Jackson,  W.,  Cannock  Chase  Collieries,  Walsall  Feb.  14^  1874 

255  Jackson,  W.  G.,  Loscoe  Grange,  Normanton,  Yorkshire        June    7,  1878 

256  Jar ratt,  J.,  Houghton  Main  Colliery,  near  Barnsley Nov.   2,1867 

257  Jeffcock,  T.  W.,  18,  Bank  Street,  Sheffield     Sept.   4^  1869 

258  Jenkins,  W.,  M.E.,  Ocean  S.C.  Colls.,  Ystrad,  nr.  Pontypridd,  So.  Wales  Dec.     6, 1862 

259  Jenkixs,  W.V.,  Consett  Iron  Works,  Consett,  Durham  May    2,  1874 

263  Johnson,  Henry,  Dudley,  Worcestershire        Aug.    7,1869 

261  Johnson,  John,  M.I.C.E.,  F.G.S.,  21,  Grainger  St.  W.,  Newcastle    Aug  21,  1852 

262  Johnson,  J.,  Carlton  Main  Colliery,  Barnsley Mar.    7,1874 

263  Johnson,  R.  S.,  Sherburn  Hall,  Durham  Aug.  21, 1852 

261  JoiCEY,  J.  G.,  Forth  Banks  West  Factory,  Newcastle-on-Tyne         ...  April  10, 1869 

265  Joicey,  W.  J.,  Uri)eth  Lodge,  Chester-le- Street  Mar.    6, 1869 

266  Joseph,  D.  D.,  Ty  Draw,  Pontypridd,  South  Wales April  6, 1872 

267  Kendall,  John  D.,  Roper  Street,  Whitehaven  Oct.  8, 1874 

268  KiMPTON,  J.  G.,  40,  St.  Mary's  Gate,  Derby     Oct.  5,  1872 

269  KiuKBY,  J.  W.,  Ashgrove,  Windygates,  Fife Feb.  1,1878 

270  Knowles  A.,  Sainton  Old  Hall,  Manchester Dec.  6, 1856 

271  Knowles,  John,  Wcstwood,  Pendlebury,  Manchester  Dec.  6,  1856 

272  Lam:b,  R.,  Bowthorn  Colliery,  Cleator  Moor,  near  Whitehaven  ...  Sept.  2, 1865 

273  Lamb,  R.  O.,  The  Lawn,  Ryton-on-Tyne  Aug.    2,  1866 

271  Lamb,  Richard  W.,  Coal  Owner,  Newcastle-on-Tyne Nov.    2,  1872 

275  Lambeet,  M.  W.,  9,  Queen  Street,  Newcastle-on-Tyne           July  2,  1872 

276  Lancastee,  John,  Frankfort  House,  Fitzjohn's  Avenue,  London,  N.W.  Mar.  2, 1865 

277  Landale,  a.,  Lochgelly  Iron  Works,  Fifeshire,  N.B Dec.  2, 1868 

278*Lapoete,  Heney,  M.E.,  80,  Rue  Royale,  Brussels      May  5,  1877 

279  Lave  RICK,  Robt.,  West  Rainton,  Fence  Houses  Sept.  2,  1876 

280  Lawrence,  Heney,  Grange  Iron  Works,  Durham  CMem.  of  CouncilJ  Aug.  1, 1868 

281  Laws,  H.,  Grainger  Street  W.,  Newcastle-on-Tyne       Feb.  6, 1869 

282  Leboub,  G.  a.,  M.A.,  F.G.S.,  Durham  College  of  Science,  Newcastle, 

("Member  of  Council)           Feb.  1,1873 

2^3  Lee,  George,  Great  Ay  ton,  m4  Northallei-ton June  4>  1870 

284  Leslie,  Andrew,  Hebbum,  Gateshead-on-Tyne         Sept.  7, 1867 

2'^5  Levee,  Ellis,  Bowdon,  Cheshire           1861 

286  Lewis,  Heney,  Annesley  Colliery,  near  Nottingham Aug.  2, 1866 

287  Lewis,  W.  H.,  3,  Bute  Crescent,  Cardiff          Aug.  4i,  1877 

288  Lewis,  William  Thomas,  Mardy,  Aberdare 1864 

289  Liddbll,  G.  H.,  Somerset  House,  Whitehaven            Sept.  4^1869 

290  Lindop,  Jambs,  Bloxwich,  Walsall,  Staffordshire        Aug.  1,1861 
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291  LnrsLEY,  R.,  Cramlington  Colliery,  Northumberland  . 


KLKCTED. 


292  LnrsLBY,  S.  W.,  Whitburn  Colliery,  Sunderland  

293  LiSHHAN,  T.,  Jun.,  Hetton  Colliery,  Fence  Houses      

294  LiSHifAN,  Wh.,  Witton-le-Wear 

295  LiSHHAN,  Wm.,  Bunker  Hill,  Fence  Houses     

296  LiYBSBT,  C,  Bradford  Colliery,  near  Manchester        

297  LiVBSBT,  T.,  Bradford  Colliery,  near  Manchester         

298  Llbwblyn,  L.,  2,  Clarence  Place,  Newport,  Monmouth 

299  Logan,  William,  Langley  Park  Colliery,  Durham     

300  LoNOBOTHAH,  J.,  Norley  Collieries,  near  Wigun  

801  LoNOBiDGB,  J.  A.,  15,  Groat  George  Street,  Westminster,  London,  S.W.  Aug.  21,1852 

802  LUPTON,  A..  F.G.S..  4,  Albion  Place,  Leeds        Nov.    6,1869 


July     2,1872 


Sept.  4,  1869 

Nov.  5,  1870 
1857 

Mar.  7,  1861 

Aug.  3,  1865 

Nov.  7,1874 

May  4,  1872 

Sept.  7,  1867 

May  2,  1868 


803  Maddisov,  Hbwry,  The  Lindens,  Darlington Nov.  6,  1875 

804  Maling,  C.  T.,  Ford  Pottery,  Newcastle- on- Tyne        Oct.  5,  1872 

805  Mamhatt,  J.  £.,  C.E.,  St.  Androa^'s  Chambers,  Leeds            1861 

806  Mablby,  JOHW,  Thornfield,  Darlington  ( VicB- Pubs i dent) Aug.  21,1852 

807  Mablby,  J.  W Aug.  1,1868 

803  Marshall,  F.  C,  Messrs.  R.  &  W.  Hawthorn.  Newcastle -on -Tyne  ...  Aug.  2,  1866 

809  Marbton,  W.  B.,  Leeswood  Vale  Oil  Works,  Mold     ...         Oct.  3,  1868 

810  Martbn,  E.  B.,  C.E.,  Pedmore,  near  Stourbridge        July  2,1872 

811  Matthbwb,  R.  F.,  Ridley  Hall,Bardon  Mill,  Carlisle Mar.  5,  1857 

812  Maughan,  J.  A.,  Nerbudda  Coal  and  Iron  Co.  Limited,  Garrawarra, 

Central  Provinces,  India       ...         ...         ...         ...         ...         ...  Nov.  7, 1863 

813  May,  Gbobgb,  Harton  Colliery  Offices,  near  South  Shields  CMember 

of  Council)     Mar.  6,1862 

814  McCbbath,  J.,  95,  Bath  Street,  Glasgow          Mar.  5,1870 

315  McCulloch,  Datid,  Beech  Grove,  Kilmarnock,  N.B.            Dec.  4,  1875 

816  McCulloch,  H.  J.,  4,  Finsbury  Circus,  London          Oct.  1,  1863 

817  McCulloch,  W.,  4,  Finsbury  Circus,  London Nov.  7,1874 

818  McGhib,  T.,  Cannock,  Staffordshire       Oct.  1,1857 

819  McMuRTRiB.  J.,  Radstock  Colliery,  Bath          Nov.  7,  1863 

820  Mbik,  Thomas,  C.E.,  6,  York  Place,  Edinburgh          June  4,1870 

821  Mbrivalb,  J.  H.,  2,  Victoria  Villas,  Newcastle-on-Tyne        May  5, 1877 

822  Millbr,  Robbrt,  Beech  Grove,  Lock  Park,  Barnsley             Mar.  2,  1865 

823  Mills,  M.  H.,  Duckmanton  Lodge,  Chesterfield          Feb.  4,  1871 

824  MiTCHBLL,  Chas.,  Jesmond,  Newcastle-ou-Tyne  April  11,1874 

825  MiTCHBLL,  JosBPH,  Bolton  Hall,  Rotherham   ...          Feb,  14,  1874 

826  MiTCHiNSON,  R.,  Jun.,  Pontop  Coll.,  Lintz  Green  Station,  Co.  Durham  Feb.  4,  1865 

827  Moffat,  T.,  Montreal  Iron  Ore  Works,  Whitehaven               Sept.  4,  1869 

828  MONKHOUSB,  Jos.,  Gilcrux,  Cockermouth         June  4,1863 

829  Moor,  T..  Cambois  Colliery,  Blyth         Oct.  3,  1868 

830  Moor,  Wm.,  Jun.,  Hetton  Colliery,  Fence  Houses       July  2,1872 

881  MOORB,  R.  W.,  Colliery  Office,  Whitehaven       Nov.  5,1870 

832  MORISON,  D.  P 1861 

833  Morris,  W.,  Waldridge  Colliery,  Chester-le- Street      1858 

834»MORTON  H.  J.,  2,  Westboume  Vaias,  South  Cliff.  Scarborough         ...  Dec.  5,1856 
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835  MoBTON,  H.  T.,  Lambton,  Fence  Houses  Aug.  21, 1852 

336  MoiJES,  Wm.,  Silksworth  Colliery,  Sunderland Mar.  2,1872 

337  MccKLB,  John,  11,  Oxford  Terrace,  Gatesbead-on-Tyne        Mar.  7, 1861 

838  Mi'LTANY,  W.  T.,  P6mp^lfort,  Dusseldorf-on-tbe-Rbine        Dec  8, 1867 

839  MuNDLE,  Arthur,  7,  ColUngwood  Street,  Newcastle-on-Tyne          ...  June  5, 1875 
340  MuNDLE,  W.,  Redesdale  Mines,  BclUngbam      Aug.  2,1878 

341*Nasse,  Rudolph,  Konigl  Bergwerks  Director,  Louisentbal,  Saar- 

briicken,  Prussia        1869 

842  Nevin,  John,  Mirfield,  Yorkshire          May  2,1868 

843  Newall,  R.  S.,  Femdeue,  Gatesbead-on-Tyne  CMemher  of  CouncitJ...  May  2, 1863 

844  Nicholson,  £.,  jun.,  Beamisb  Colliery,  Cbester-le-Street       Aug.  7,1869 

345  Nicholson,  Marshall,  Mjddleton  Hall,  Leeds          Nov.  7,1868 

346  Noble,  Captain,  Jesmond,  Newcastle-on-Tyne           Feb.  8,1866 

847  North,  F.  W.,  F.G.S.,  Rowley  Hall  Colliery,  Dudley,  Staffordshire ...  Oct.  6, 1864 

848  OoDEN,  John  M.,  Solicitor,  Sunniside,  Sunderland      Mar.  5, 1857 

849  OoiLYiE,  A.  Qraemb,  4,  Great  George  Street,  Westminster,  London  Mar.  8, 1877 

850  Oliver,  Robebt,  Charlaw  Colliery,  near  Durham        Nov.  6, 1876 

851  Pacey,  T.,  Bishop  Auckland        April  10, 1869 

352  PALMBit,  A.  S.,  Usworth  Hall,  Washington  Station,  Co.  Durham     ...  July  2, 1872 

853  Palmer,  C.  M.,  M.  P.,  Quay,  Newcastle-on-Tyne          Nov.  6,1852 

854  Pamely,  C,  Radstock  Coal  Works,  near  Bath Sept.  6, 1868 

855  Panton,  F.  S.,  Silkswortb  Colliery,  Sunderland           Oct.  5,1867 

856  Pabkin,  C,  Hutton-lc-Hole,  Kirby  Moorside,  York June  6,1876 

857  Parrinoton,  M.  W.,  Wcarmouth  Colliery,  Sunderland         Dec.  1,1864 

858  PabT(in,  T.,  F.G.S.,  Ash  Cottage,  Birmingham  Road,  West  Bromwich  Oct.  2, 1869 

859  Pattison,  John,  Engineer,  Naples        Nov.  7,1874 

860  Peace,  M.  W„  Wigan,  Lancashire         July  2,1872 

361  Peacock,  David,  West  Bromwich         Aug.  7,1869 

362  Pearce,  F.  H.,  Bowling  Iron  Works,  Bradford            Oct.  1, 1867 

863  PsASE,  Sir  J.  W.,  Bart.,  M.P.,  Hutton  Hall,  Guisbro',  Yorkshire      ...  Mar.  6, 1867 

864  Peel,  John,  Whamcliffe  Silkstone  Collieries,  near  Barnsley            ...  Nov.  1, 1860 

865  Peel,  John,  Horsley  Colliery,  Wylam-on-Tyne           Mar.  8,1877 

866  Peile,  William,  EUerkeld,  Stainbum,  Workington Oct.  1, 1868 

867  Penman,  J.  H.,  2,  Clarence  Buildings,  Booth  Street,  Manchester     ...  Mar.  7, 1874 

868  Pickup,  P.  W.,  Rishton,  near  Blackburn          Feb.  6,1875 

869  Pinching,  Archd.  E.,  South  Indian  Mining  Co.,  Glenrock  Estate, 

Devala,  Madras  Residency,  India May  6,1877 

870  Potter,  Addison,  C.B.,  Heaton  Hall,  Newcastle-on-Tyne     Mar.  6, 1869 

871  Potter,  A.  M.,  Shire  Moor  Coll.,  Northumberland  (Member  of  Council)  Feb.  8, 1872 

872  Potter,  C.  J.,  Heaton  Hall,  Newcastle-on-TjTie          Oct.  8»  1874 

373*  Potter,  W.  A.,  Cramlington  House,  Northumberland           1863 

874  Price,  John,  Messrs.  Palmer  &  Co.,  Limited,  Jarrow-on-Tyne         ...  Mar.  8, 1877 

375  Price,  J.  R.,  Standish,  near  Wigan        Aug.  7»  1869 

376  Priestman,  Jno.,  Coal  Owner,  Newcastle-on-Tyne     Sept.  2»  1871 

877  Prinolb,  Edwabd,  Choppington  Colliery.  Northumberland Aii^.  4^  1877 
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878  Raicsat,  J.  A.»  Thomlej  Honse,  by  Trimdon  Grange.  Co.  Darham  . . .  Mar.  6,  1869 

879  Ramsat,  Wm.,  Tursdale  Colliery,  County  Durham      Sept.  11, 1875 

880  Rbbd,  Robert,  Felling  Colliery,  Gateshead      Dec.  3,  1863 

881  Rebs,  Daxibl,  Glandare,  Aberdare         1862 

882  Rbfbbx,  Wm.,  Teplitz,  Bohemia Oct.  5,1872 

883  Reid,  Andbbw,  Newcastle-on-Tyne       April  2,1870 

884  RiCHABDS,  E.  W.,  Messrs.  Bolckow,  Vaughan,  &  Co.,  Middlesbro'    . . .  Aug  5, 1876 

885  Richardson,  H.,  Backworth  Colliery,  Newcastle-on-Tyne  (Member 

of  Council)     ...         ...         ...         ...         ...         ...         ...         ...  Mar.  2,  1865 

886  Richardson,  J.  VV.,  Iron  Shipbuilder,  Newcastle-on-Tyne     Sept.  3,1870 

887  RiDLBT,  G.,  Tyne  Chambers,  38,  Side,  Newcastle-on-Tyne      Feb.  4,1865 

888  RiDLBT,  J.  H.,  Messrs.  R.  &  W.  Hawthorn,  Newcastle-on-Tyne       ...  April  6, 1^72 

889  Ridtard,  J.,  Bridgewatcr  Offices,  Walkden,  nr.  Bolton -le-M(X)r8,  Lan.  Nov.  7,  1*<74 

890  RiTsoir,  U.  A,  6,  Queen  Street,  Newcastle-on-Tyne Oct.  7,1871 

891  Rrreoir,  W.  A.,  Tamworth  Colliery  Co.,  Tarn  worth      April  2,  1870 

892  ROBBRTSOX,  W.,  M.E.,  123,  St.  Vincent  Street,  Glasgow         Mar.  5, 1870 

893  Robinson,  G.  C,  Brereton  and  Hayes  Colls.,  Rugeley,  Staffordshire...  Nor.  5,  1870 

894  Robinson,  John    Nov.  4,1876 

895  Robinson,  R.,  Howlish  Hall,  near  Bishop  AucUand  (Mem.  of  CouncilJ  Feb.  1, 1868 

896  ROBSON,  J.  S.,  Butterknowle  Colliery,  via  Darlington 1 853 

397  RoBSON,  J.  T.,  Cambuslang,  Glasgow     Sept.  4,  1869 

898  RoBSON,  Thomas,  Lumley  Colliery,  Fence  Houses       Oct.  4,1860 

899  RooERSON,  John,  Croxdale  Hall,  Durham          Mar.  6,  1869 

400  RoscAMP,  J.,  West  View,  Morpeth         Feb.  2,1867 

401  Ross,  J.  A.  G.,  Consulting  Engineer,  13,  Belgrave  Terrace,  Newcastle  July  2,  1872 

402  RossBR,  W.,  Mineral  Survej'or,  Llanelly,  Carmarthenshire    1856 

403  ROTHWELL,  R.  P.,  27,  Park  Place,  New  York,  U.S Mar.  5, 1870 

404  Routlbdoe,  Jos.,  Ry hope  Colliery,  Sunderland  Sept.  11,  1875 

406  Routledob,  Wm.,  S.  and  L.C.  and  R.  Co.,  Reserve  Colliery,  Sydney, 

Cape  Breton    ...         ...         ...         ...         ...         ...         ...         ...  Aug.  6, 1857 

406  Rowley,  J.  C,  Shagpoint  Colliery,  Otago,  New  Zeah&nd       Dec.  4, 1875 

407  RUTHEBFORD,  J.,  Halifax  Coal  Co.,  Ld.,  Albion  Mines,  Nova  Scotia  ..  1852 

408  Rutherford,  W.,  So.  Derwent  Colliery,  Annfield  Plain,  Liutz  Green  Oct.  3, 1S74 

409  Rftter,  Thos.,  Blaydon  Main  Colliery,  Blaydon-on -Tyne      May  1,1875 

410  Ryder.  W.  J.  H.,  Forth  Street  Brass  Works,  Newcastle-on-Tyne     ...  Nov.  4,  1876 

411  Saint,  George,  Vauxhall  Collieries,  Ruabon,  North  Wales April  11,  1874 

412  SCARTH,  W.  T.,  Raby  Castle,  Darlington           April  4,  1868 

413  Scott,  Andrew,  Broomhill  Colliery,  Acklingtou         Dec.  7,1867 

414  Scott,  C.  F.  ^       Aprilll,1874 

415  ScoruLR,  G.,  Cleator  Moor,  ma  Camforth         July  2,1872 

416  Shallts,  F.  W.,  Pritchard  &  Sons,  9,  (Jracechurch  Street,  London  ...    April  6,  1872 

417  Shaw,  W.,  Jun.,  Wolsingham,  wa  Darlington June  3,1871 

418  ShieIh  John,  Framwellgate  Colliery,  County  Durham            May  6,  1871 

419  Shone,  Isaac,  Pentrefelin  House,  Wrexham 1858 

420  Shortrede,  T.,  Park  House,  Winstanley,  Wigan        April  3,  1856 

421  Shutb,  C.  a.,  Westoe,  South  Shields      April  1 1, 1874 

422  Simpson,  J.,  Heworth  Colliery,  near  Gateshead-on-Tyne        Dec.  6,  1866 
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423  Simpson,  J.  B.,  Hedgefiold  House,  Blaydon-on-Tjne  ( ViCB-PREfiiDBKT)  Oct.     4k,  I860 

424  Simpson,  R.,  Moor  House,  Ryton-oii-Tyue        Aug.  21, 1852 

425  Simpson,  Robt.,  Drummond  Coll.,  Westville,  Pictou,  Nova  Scotia    ...  Dec.    4, 1875 

426  Slinn,  T.,,2,  Choppington  Street,  Westmorland  Road,  Newcastle     ...  July    2, 1872 
427. Small,  G.,  Duffield  Road,  Derby June   4^1870 

428  Smith,  G.  F.,  Grovehurst,  Tunbridge  Wells     Aug.    6,1853 

429  Smith,  J.,  Bickershaw  Colliery,  Lcigb,  near  Manchester         Mar.    7,1874 

i30*SMiTH,  R.  Clifford,  Parkfield,  Swinton,  Manchester  Dec.    5, 1874 

431  Smith,  T.,  Sen.,  M.E.,  Cinderford  Villas,  nr.  Newnham,  Gloucester...  May,  5, 1877 

432  Smith,  T.  E.,  PhoBuix  Foundry,  Newgate  Street,  Newcastle-on-Tyne    Dec.  6, 1874 

433  Snowdon,  T.,  jun..  West  Bitchburn  Coll.,  nr.  Tow  Law,  via  Darlington  Sept,  4, 1869 

434  Sop  with,  A.,  Cannock  Chase  Collieries,  near  Walsall Aug.  1, 1868 

435  Sopwith,  Tho3.,  6,  Great  George  St.,  Westminster,  London,  S.W.  ...  Mar.  8, 1877 

436  Southern,  R.,  Burleigh  House,  The  Parade,  Tredegarville,  Cardiff...  Aug.  8, 1866 

437  South  WORTH,  Thos.,  Hindlcy  Green  Collieries,  near  Wigan May  2, 1874 

438  Spencer,  John,  Westgate  Road,  Newcastlc-on-Tyne Sept.  4,1869 

439  Spencer,  M.,  Newburn,  near  Newcastle-on-Tyne        Sept.  4^  1869 

440  Spencer,  T.,  Ryton,  Newcastle-on-Tyne                       Dec.  6,1866 

441  Spencer,  W.,  Southfields,  Leicester       Aug.  21, 1862 

442  Stbavenson,  A.  L.,  Durham       (Vice-Prbsidbnt)  Dec.  6,1856 

443  Stephenson,  G.  R.,  9,  Victoria  Chambers,  Westminster,  London,  S.W.  Oct.  4, 1860 

444  Stevenson,  R.,  Janefield  Place,  Lylesland,  Paisley,  N.B Feb.  5, 1876 

445  Stobart,  W.,  Pcpi)er  Arden,  Northallerton      July  2,1872 

446  Storey,  Thos.  E.,  Clough  Hall  Iron  Works,  Kidsgrove,  Staffordshire  Feb.  5, 1876 

447  Straker,  John,  Stagshaw  House,  Corbridge-on-Tyne           May  2, 1867 

448  Straker,  J.  H.,  Willington  House,  Co.  Durham         Oct.  8, 1874 

449  Stratton,  T.  H.  M.,  Tredegar,  South  Wales Dec.  3,1870 

450  Swallow,  J.,  Bushbladcs  House,  Lintz  Green,  Newcastle-on-Tyne  ...  May  2, 1874 

451  Swallow,  R.  T.,  Springwell,  Gateshead-on-Tyne        1862 

452  Swan,  H.  F.,  Shipbuilder,  Newcastle-on-Tyne Sept.  2, 1871 

453  Swan,  J.  G.,  Upsall  Hall,  near  Middlesbro*       Sept.  2, 1871 

454  SwANN,  C.  G.,  Sec,  General  Mining  Asso.  Ld.,  6,  New  Broad  St.,  London  Aug.  7,  1876 

455  Tate,  Simon,  Trimdon  Grange  Colliery,  Co.  Durham  Sept.  11, 1876 

466  Taylor,  Hugh,  King  Street,  Quay,  Newcastle-on-Tyne        Sept.   6, 1866 

457  Taylor,  T.,  King  Street,  Quay,  Newcastlc-on-Tyne July    2,1872 

468  Taylor-Smith,  Thomas,  Greencroft  Park,  Durham Aug.    2, 1866 

459  Thomas,  A.,  Bilson  House,  near  Newnham,  Gloucestershire Mar.  2, 1872 

460  Thompson,  John,  Boughton  Hall,  Chester       Sept.  2,1866 

461  Thompson,  R.,  Jun.,  Rodridge  Honse,  Wingate,  Co.  Durham           ...  Sept.  7, 1867 

462  Thompson,  T.  C,  Milton  Hall,  Carlisle May  4^1864 

463  Thomson,  John,  Eston  Mines,  by  Middlesbro' April  7,1877 

464  Thomson,  Jos.  F.,  Manvers  Main  Colliery,  Rotherham          Feb.  6, 1876 

465  TiNN,  J.,  C.E.,  Ashton  Iron  Rolling  Mills,  Bower  Ashton,  Bristol     ...  Sept.  7, 1867 

466  Tyldbn- Wright,  C,  Shircoaks  Colliery,  Worksop,  Notts 1862 

467  Tyson,  Wm.  John,  15,  Foxhouses  Road,  Whitehaven            Mar.  3,1877 

468  Tyzack,  D.  Feb.  14,1874 

469  Tyzack,  Wilfred,  So.  Mcdomslcy  Coll.,  Liutz  Green,  Newcastle     ...  Oct.  7, 1876 


(xxix) 

I'LICOTBD. 

470  ViTiAH,  JOHV,  DiamoDd  Boring  Company,  Whitehaven         Mar.    8, 1877 

471  Wadham,  E.,  C.  and  M.E.,  Millwood,  Dalton-in-Farness       Dec.    7,1867 

472  Walkbb,  O.  B.,  Wharncliffe  Silkstone  Collieries,  Wortley,  nr.  Sheffield  Dec.    2, 1871 

473  Walkbb,  J.  S.,  15,  Wallgate,  Wigan,  Lancashire        

474  Walkeb,  W.,  Saltbnrn-hy-the-Sea         

475  Wallace,  HsyBT,  Trench  Hall,  Gateshead     

476  Wasd,  H.,  Rodbaston  Hall,  near  Penkridge,  Stafford 

477  Wasdalb,  John  D.,  Redheagh  Engine  Works,  Gateshead    ... 

478  Wabdell,  S.  C,  Doe  Hill  House,  Alfreton       

479  Wabbinotok,~J.,  Cragwood,  Rawdon,  near  Leeds 

480  Watson,  H.,  High  Bridge  Works,  Newcastle-on-Tyne 

481  Watson,  H.  B.,  High  Bridge  Works,  Newcastle-on-Tyne      ... 

482  Watson,  M.,  Dearham  Main  Collieries,  near  Maryport 

483  Wbbks,  J.  G.,  Bcdlington  Collieries,  Bodlingtou  (Member  of  Council)  Feb. 

484  Wbstmacott,  P.  G.  B.,  Elswick  Iron  Works,  Newcastle 

485  White,  H.,  Weardale  Coal  Company,  Tow  Law,  near  Darlington 

486  White,  J.  P.,  M.E.,  Wakefield 

487  White,  J.  W.  H.,  Woodlesford,  near  Leeds     

488  Whitehead,  James,  Brindle  Lodge,  near  Preston,  Lancashire 

489  Whitblaw,  John,  118,  George  Street,  Edinburgh      ....... 

490  Whitblaw,  T.,  Shields  and  Dalzell  Collieries,  Motherwell     ... 

491  Whittem,  Thos.  S.,  Wyken  Colliery,  near  Coventry 

492  WiDDAS,  C,  North  Bitchburn  Colliery,  Howden,  Darling^n... 
498  Wight,  W.  H.,  Cowpen  Colliery,  Blyth 

494  Wild,  J.  G.,  Hedley  Hope  Collieries,  Tow  Law,  by  Darlington 

495  Williams,  E.,  Cleveland  Lodge,  Middlesbro' 

496  Williams,  J.  J.,  Pantgwyn  House,  Holywell,  Flintshire 

497  Williamson,  John,  Cannock,  &c..  Collieries,  Hednesford     ... 

498  Willis,  J.,  14,  Portland  Terrace,  Newcastle  (Member  of  CouncilJ  . 

499  Wilson,  J.  B.,  Wingfield  Iron  Works  and  Colliery,  Alfreton... 
600  Wilson,  Robebt,  Flimby  Colliery,  Maryport 

501  Wilson,  W.  B.,  Kippax  and  Allerton  Collieries,  Leeds 

502  Wintbb,  T.  B.,  Grey  Street,  Newcastle-o:i-Tyne         

503  Wood,  C.  L.,  Freeland,  Bridge  of  Earn,  Perthshire 

604  Wood,  Lindsay,  Southill,  Chester-le-Street  (Past  President,  Mem- 
ber of  CouncilJ  ...         ...         ...         ...         ...         ...         ...  Oct.     1, 1857 

505  Wood,  Thomas,  Rainton  House,  Fence  Houses           Sept.  3,  1870 

506  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  Co.  Durham         1856 

507  Wood,  W.  O.,  Durham     Nov.  7,1863 

608  WooLCOCK,  Henbt,  St.  Bees,  Cumberland       Mar.  3,1873 

509  Wbioht,  G.  H July    2,1872 

510  WaiGHTSON,  T.,  Stockton-on-Tees         Sept.  13, 1873 

511  rouwo,  Philip      Oct.  11,1873 
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XLXOTBD. 

1  AcKROTD,  Wh.,  Jun.,  Morley  Main  Collieries,  Morley,  nr.  Leeds       ...  Feb.  7, 1880 

2  Bell,  C.  E.,  Park  House,  Durham         Dec.  8,1870 

3  Bboj A,  Richard,  Oberbergrath,  Ostwall,  Dortmund...          Nor.  6,1880 

4  BuTLBB,  W.  F.,  C.E.,  Cymman  Hall,  near  Wrexham Feb.  7,  1880 

5  Charlton,  Hbnry,  Hawks,  Crawshay,  &  Sons,  Gateshead-on-Tyne  Dec.  9,  1882 

6  Cochrane,  John  E.,  The  North- West  Provinces  and  Oude  Ice  Co., 

Limited,  Lucknow  Factory,  India Dec.    9,  1882 

7  Cross,  W.  A.,  Messrs.  R.  and  W.  Hawthorn,  Newcastle-on-Tyne     . . .  April  12, 1884 

8  Dacres,  Thomas,  Silksworth  Colliery,  Sunderland      May    4^1878 

9  Dees,  J.  G.,  Floraville,  Whitehaven        Oct.   13,1883 

lO^DixoN,  James  S.,  170,  Hope  Street,  Glasgow Aug.    8,1878 

11  Ellis,  W.  R.,  F.G.S.,  Wigan       June    1, 1878 

12  Forrest,  B.  J.,  Presser  and  Cia,  Salesas  4v  Madrid     April  12,1884 

13  Forrest,  J.  C,  Witley  Coal  Co.,  Limited,  Halesowen,  Birmingham...  April  12,1884 

14  Geddes,  George  H.,  142  Princes  Street,  Edinburgh Oct.     1,1881 

15  Gilchrist,  Thomas,  Eltringliam,  Prudhoe-on-Tyne May    4^1878 

16  GouDiB,  J.  H.,  13,  Lowther  Street,  Whitehaven  Sept   7,  1878 

17  Harbottle,  John,  Linlithgow  Mines,  Columbia  Co.,  New  York      ...  June  10,  1882 

18  Jameson,  John,  Akeuside  Hill,  Newcastle-on-Tyne April  12, 1884 

19  Johnson,  Henry,  Jun.,  Sandwell  Park  Colliery,  West  Bromwich, 

South  Staffordshire Feb.  10,  1883 

20  Johnson,  William,  West  Stanley  Colliery,  Chester-le-Street  ...  Dec.    9,  1882 

21  Kellett,  William,  Wigan        June    1,1878 

22  Knowles,  1.,  Wigan         Oct.  18,1883 

23  Lancaster,    John,  Auchinbeath,  Southfield  and  Fence  Collieries, 

Lcsmahagow Sept.   7,  1878 

24  Laws,  W.  G.,  Town  Hall,  Newcastle-on-Tyne  (Member  of  Council).,,  Oct.    2, 1880 

25  Leach,  C.  C,  Bedlington  Colls.,  Bedling^n,  R.S.O.,  Northumberland  Mar.    7,  1874 

26  Liddell,  Matthew,  Mickley  Colliery  Offices,  Stocksfield-on-Tyne  ...  Feb.  10, 1883 

27  Llbwellin,  David  Morgan,  F.G.S.,  Glanwern  Offices,  Pontypool  ...  May  14, 1881 

28  Martin,  Tom  Pattinson,  Allliallows  Colliery,  Mealsgate,  Carlisle  ...  Feb.  15,  1879 

29  Oldham,  G.  H.,  St.  John  D'El  Rey  Mining  Co.,  Tower  Chambers, 

Finsbury  Pavement,  London  Aug. .  5, 1882 

30  Potts,  Jos.,  Jun.,  North  Cliff,  Roker,  Sunderland      Dec.    6,1879 

31  Prior,  Edward  G.,  Victoria,  British  Columbia Feb.    7,1880 

82  Rhodes,  C.  £.,  Carr  House,  Rotherham  Aug.    4^1883 

88  Rogers,  William,  19,  King  Street,  Wigan     Nov.    2,1878 

34  Russell,  Robert,  Coltness  Iron  Works,  Newmains,  N.B Aug.    3, 1878 

35  Selby,  Athebton,  Leigh,  near  Manchester     Oct.   13,1883 

36  Spencer,  John  W.,  Newburn,  near  Newcastle-on-Tyne         May    4, 1878 

87  Topping,  Walter,  Messrs.  Cross,  Tetley,  k  Co.,  Piatt  Bridge,  Wigan  Mar.    2, 1878 
38  Walker,  Sidney  Ferris,  195,  Severn  Road,  Canton,  Cardiff  ...  Dec     9, 1882 

89  Walker,  William  Edward,  Lowther  Street,  Wliitehaven Nov.  19, 1881 

40  WiNSTANLEY,  Robt.,  M.E.,  28,  Deausgate,  Manchester         Sept.   7,1878 


(xxxi) 
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1  Adambon,  L.  W.,  Whitley  House,  Whitley,  Northumberland  ...  Feb.    9, 1884 

2  Allan,  John,  607  Erbische  Strasse,  Freiberg  in  Sachsen       Feb.  10, 1883 

3  Abmstboxo,  Henbt,  St.  Hilda  Colliery.  South  Shields  April  14,  1883 

4  ARMaTBONO,  T.  J.,  Hawthorn  Terrace,  Newcastle-on-Tyne Feb.  10,  1883 

6  Arnold,  Thos.,  Mineral  Surveyor,  Castle  Hill,  Greenfields,  Llanelly      Oct.     2.  1880 

6  Atkinson,  Frbd.,  Maryport       Feb.  14,1874 

7  AUDUS.  T.,  Mineral  Traffic  Manager,  N.E.  llailway,  Newca»tle-on-Tyne  Aug.    7,  1880 

8  Atton,  E.  F.,  Heddon  CoUiery,  WyUm-on-Tync  Feb.     5.  1876 

9  Atton,  Hekry,  Seaton  Delaval  Colliery,  Dudley,  Northumberland  ...   Mar.    6,  1876 

10  Bailbs,  E.  T.,  Wingate,  Ferryhill  June    7,1879 

11  Barnbs,  a.  W.,  Grassmore  Colliery,  near  Chesterfield  Oct.     6, 1872 

12  Barbbtt,  C.  R.»  New  Seaham,  Sunderland       Nov.    7,1874 

18  Batbs,  C.  J.,  Heddon  Banks,  near  Wylam-on-Tyne     Dec.  11,1882 

14* Bell,  Thomas  HroH,  Middlesbrough-on-Tees Dec.  11,1882 

15  Bebklby,  Fredebick,  Murton  Colliery,  near  Sunderland     Dec.  11, 1882 

16  BsBKLsr,  R.  W.,  Marley  Hill  Colliery,  Gateshead       Feb.  14, 1874 

17  Bewick,  T.  B.,  Haydon  Bridge,  Northumberlan*'  Mar.    7, 1874 

18  BiBD,  W.  J.,  9,  Prince  Street,  Sunderhind        Nov.    6,1876 

19  BorcHEB,  A.  S.,  La  Salada  puerto  Bertio,  E  de  Antioguia,  United 

States  of  Colombia,  S.A Aug.    4,1883 

20  BowES,  John,  Streatlam  Castle,  Darlington Feb.  10, 1883 

21  Bbouoh,  Thomas,  Seaham  Colliery;  Seaham  Harbour  Feb.     1,1873 

22  Bbown,  M.  W.,  7,  Elswick  Park,  Newcastle-on-Tvne Oct.     7,  1871 

23  Bbown,  W.  B.,  101,  Leadenhall  Street,  London,  E.C Mar.    2, 1878 

24  Bbuce,  John,  Cannock  Cliase  Colliery,  near  Walsall  Feb.  14,  1874 

25  BuLMAN,  H.  P.,  West  Rainton,  Fence  Houses May     2,  1874 

26  BUNNINO,  C.  Z.,  Warora  Colliery,  Central  Provinces,  India Dec.    6, 1873 

27  BiTBDON,  A.  E.,  Hartford  House,  Cramlington,  Northumberland       . .   Feb.  10,  1883 

28  BUBNLEY,  C.  E.,  Aybrigg  Farm,  near  Wakefield  April  11, 1874 

29  Cabbera,  Fidel,  c/o  H.  Kendall  &  Son,  12,  Gt.  Winchester  St.,  London  Oct.     6, 1877 

80  Candlbb,  T.  E.,  Canton  Club,  Canton,  China May    1,  1875 

31  Chablton,  W.  a.,  Tangye  Bros.,  25.  Lincoln  St.,  Gateshead-on-Tyne   Nov.    6.  1880 

82  Clouoh,  James,  Bedling^n'CoUieries,  R.S.O.,  Northumberland      . . .  April  5, 1873 

83  Cobbold,  C.  H May    3,1873 

34  Cochbane.  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses  ...  June    1, 1878 

85  CocKSON,  Charles,  King  Street,  Wigan  April  22, 1882 

86  CooPEB,  R.  W.,  Solicitor,  Newcastle-on-Tyne Sept.  4,1880 

87  Cbawfobd,  T.  W.,  Tees  Hetton  Coal  Co.,  Limited,  Evenvi-ood,  Bishop 

Auckland        ...         ...         ...         ...         ...         ...         ...         ...  Dec.    4, 1875 

88  Dakbbb,  W.  R.,  Croxdale  Colliery,  Durham     Oct.   14,1882 

89  Dalziel,  W.  G.,  2,  Pembroke  Terrace,  Cardiff  Sept.   7, 1878 

40  Dayibon,  Chables,  Comsay  Colliery,  near  Esh,  Durham       Dec.  11,1882 

0 
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41  DODD,  M.,  Lemington,  Scotswood-on-Tyne        Dec.    4,  1875 

42  Douglas,  John,  Seghill  Colliery,  Dudley,  Northumberland April  22, 1882 

43  DoiroLAS,  John,  Jun.,  Seghill  Colliery,  Dudley,  Northumberland    ...  April 22,  1882 
4A  Douglas,  M.  H.,  Marsden  Colliery,  South  Shields       Aug.    2, 1879 

45  Doyle,  Path iCK Mar.    1,1879 

46  Edge,  J.  C,  Elckington  Colliery,  near  Chesterfield      Dec.     5, 1874 

47  Edge,  John  H.,  Coalport  Wire  Rope  and  Chain  Works,  Shifnal,  Salop  Sept.  7, 1878 

iS  Fairlet,  James,  Craghead  and  Holmside  Collieries,  Chester-le-Street  Aug.    7, 1880 

49  Fabrow,  Joseph,  Brotton  Mines,  Brotton,  R.S.O Feb.  11,1882 

50  Ferguson,  D.,  124,  New  City  Road,  Glasgow Dec.    8,  1883 

51  Fletcher,  W.,  Brigham  Hill,  ma  Carlisle       Oct.  1.3,1883 

52  Fryar,  Mark,  Denby  Colliery,  Derby Oct.     7,1876 

53  Gerrard,  James,  19,  King  Street,  Wigan       Mar.    8,1873 

54  Greener,  Henry,  South  Pontop  Colliery,  Annfield  Plain     Dec.  II,  1882 

55  Greener,  T.  Y.,  Rainford  Collieries,  St.  Helen's,  Lancashire July    2,  1872 

56  Greener,  W.  J.,  Pemberton  Colliery,  Wigan Mar.    2,1878 

57  Gresley,  W.  S.,  Overseale,  Ashby-de-la-Zouch  Oct.     5,  1878 

58  Guthrie,  J.  K.,  St.  Tliomas'  Terrace,  Blaydon-on-Tyne        Mar.    1,  1879 

59  Haggib,  Peteu  Sinclair,  Gateshead-on-Tyne  April  14,  1883 

60  Hallas,  G.  H.,  Hindley  Green  Colliery,  near  Wigan Oct.     7,  1876 

61  Hamilton,  E.,  Rig  Wood,  Saltbum-by-the-Sea  Nov.    1,1873 

62  Harris,  W.  S.,  Andrews  House,  near  Gateshead-on-Tyne      Feb.  14,1874 

63  Hedley,  E.,  Raiuham  Lodge.  The  Avenue,  Beckenham,  Kent  ...  Dec.     2,  1871 

64  Henderson,  C.  W.  C,  The  Riding,  Hexham Dec.  11,  1882 

65  Henry,  Geo.  J.,  Stowmarket  Gun  Cotton  Co.,  Stowraarket Nov.  19,  1881 

66  Hill,  William,  Carterthonie  Colliery  OflSces,  Witton-le-Wear       ...  June    9, 1883 

67  Humble,  Ste  phen,  5,  Westminster  Chambers,  Victoria  St..  London,  S.  W.  Oct.     6,  1877 

68  J BPFCOCK,  Charles  E.,  Birley  Collieries,  Sheffield      Feb.  10, 1883 

69  Jepson,  H.,  54,  Old  Elvet,  Durham        July    2,1872 

70* JoBLiNG,  Thos.  E.,  Bebside  Colliery,  Cowpen  Lane,  Northumberland  Oct.     7, 1876 

71  Johnson,  F.  D.,  Aykleyhcads,  Durham Feb.  10,  1883 

72  Johnson,  W.,  Abram  Colliery,  Wigan Feb.  14, 1874 

73  Jordan,  J.  J Mar.    3,1873 

74  Laverick,  John  Wales,  Middridge  Colliery,  Shildon,  via  Darlington  Dec.  11, 1882 

75  LiDDELL,  J.  M.,  21,  Lovaine  Place,  Newcastle-on-Tyne  Mar.    6,1875 

76  LiDDELL,  John,  Coal  Owner,  Newcastle-on-Tyne       Dec.  11,1882 

77  Lisle,  J.,  Washington  Colliery,  County  Durham  July    2,1872 

78  LiVEiNG,  E.  H.,  6,  Westminster  Chambers,  Victoria  St.,  London,  8.W,  Sept.  1, 1877 

79  Maccabe,  H.  O.,  Russell  Vale,  WoUongong,  New  South  Wales        ...  Sept.  7, 1878 

80  Maddison,  Thos.  R.,  Thornes,  near  Wakefield  Mar.  3,1877 

81  Makepeace,  H.  R..  Bellshill,  N.B Mar.  8,1877 

82  Mabkham,  G.  E.,  Howlish  Offices,  Bishop  Auckland Dec.  4,1875 

88  MlLLT,  E.  F.,  Griff  Collieries,  Nuneaton  Got.  5, 1878 
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84*MBBnrAXB,  W.,  c/o  Mackinnon  and  Mackenzie,  Bombay        Mar.    5,  1881 

85  Miller,  D.  S.,  Neston  Collieries,  Cheshire       Nov.    7,1874 

86*MrLLBH,  N Oct.     5,1878 

87  MoNKHOUSB,  O.  Benson,  St.  Nicholas'  Chambers,  Newcastle-on-Tyne  Oct.  14, 1882 

88  MooBE,  William,  Upleatham  Mines,  Upleatham,  R.S.0 Nov.  19, 1881 

89  MoBEiKO,  C.  A.,  34,  Clement's  Lane,  London,  E.C Nov.    7, 1874 

90  MoBisON,  John,  Newbattlc  Collieries,  Dalkeith,  N.B.  Dec.    4,  1880 

91  Obnsbt,  R.  E.,  Seaton  Delaval  Colliery,  Dudley,  Northumberland   ..    Mar.    6.1875 

92  Palmer,  Henbt,  East  Howie  Colliery,  near  FerryhiU  Nov.    2,1878 

93  Peake,  C.  E.,  Sleaford,  Lincolnshire      Nov.    3,1877 

94* Pease,  Abthxtb,  M.P.,  Darlington        Dec.  11, 1882 

95  Phillips,  W.  J.,  Ansley  Hall  Colliery,  Atherstone     June    9,1883 

96  Pbest,  J.  J.,  St  Helen's  Colliery,  Bishop  Auckland May    1, 1875 

97  Pbest,  T.,  Peases  West  Collieries,  Crook,  by  Darling^n         June  14, 1884 

98  Pbichaed,  W.,  Nav.  and  Deep  Duff ryn  CoUs.,  Mountain  Ash,  So.  Wales  Dec.     7, 1 878 

99  Pbikole,  Jos.,  Manager,  Cosdodge  Colliery,  So.  Qosforth,  Newcastle   Mar.    5,  1881 

100  Proud,  Joseph,  South  Hetton  Colliery  Offices,  Sunderland Oct.  14,1882 

101  Rathbonb,  Eogab  P.,  2,  Great  George  Street,  Westminster,  London     Mar.    7,  1874 

102  Ridley,  Sir  Matthew  White,  Bart.,  M.P..  Blagdon,  Northumberland  Feb.  10,  1883 

103  Robsox,  Habby  N.,  3,  North  Bailey,  Durham Dec.    4,1876 

104  ROBSOS,  T.  O.,  Redheugh  Colliery,  Gateshead-on-Tyne  Sept  11, 1875 

105  RowELL,  ROBEBT,  Seghill  Colliery  Office,  Newcastle-on-Tyne  ...   Feb.  10, 1883 

106  Saisb,  W.,  Manager  E.I.R.  Collieries,  Giridi,  Bengal,  India Nov.    3, 1877 

107  Sawyer,  A.  R.,  Ass.  R.S.M.,  Basford,  Stoke-upon-Trent       Dec.     6,1873 

108  ScuBFiELD,  Geo.  J.,  Hurworth-upon-Tees,  Darlington  Dec.  11,  1882 

109  Smith,  J.  Bagkold,  Langwith  Colliery,  near  Mansfield        Nov.    2,  1878 

110  Smith,  Thos.  Readeb,  M.E.,  Thorncliffe  Collieries,  near  Sheffield    ...  Feb.    5, 1881 

111  Snowball,  Joseph,  Seaton  Bum  House,  Northumberland Feb.  10, 1883 

112  Still,  F.  M.,  3,  Queen  Street,  Cheapside,  London        Dec.    8,1883 

113  Spence.  R.  F.,  Cramlington         Nov.    2,1878 

114  Stobabt,  F.,  Pensher  House,  Fence  Houses      Aug.    2.1873 

116  Stobbs,  Fbank,  1,  Queen  Street,  Newcastle-on-Tyne Oct     1, 1881 

116  Stones,  T.  H.,  Wigan  Coal  &  Iron  Co.,  Westleigh.  nr.  Leigh,  Lancashire  Nov.    7, 1874 

117  Telfobd,  W.  H.,  Cramlington  Colliery,  Northumberland      Oct.     3, 1874 

118  Thomas,  William,  M.E.,  Mineral  Office,  The  Castle,  Cockermouth...  Feb.  10, 1883 

119  Thompson,  Chables  Lacy,  Milton  Hall,  Carlisle       Feb.  10, 1883 

120  Tubnbull,  Geobqb,  Seaham  Colliery,  Seaham  Harbour        Oct    4, 1879 

121  Tyzacz,  B.  C,  Preston  Road,  North  Shields Dec.    8, 1883 

122  ViTANOPP,  Geo.  N.,  Sofia,  Bulgaria       April  22, 1882 

123  Wallav,  Jacob,  Messrs.  Black,  Hawthorn  and  Co.,  (^teshead  ..  Feb.    9,  1884 

124  Waltbbs,  Habobave,  Birley  Collieries,  near  Sheffield  June  4, 1881 

125  Walton,  J.  Coulthabd,  Writhlington  Collieries,  Radstock,  via  Bath  Nov.    7, 1874 
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126*Wabd,T. H.,A88istantMaiiager,E.I.R. Collieries, Giridi,BeDgal,India  Aug.    7,1882 

127  Wabdle,  Ed  WARD,  Craghead  Colliery,  Cheater-le-Street       Feb.     5,1881 

128  Watson,  Robert,  North  Seaton,  Morpeth       Dec.  11,  1882 

129  Webster,  H.  Ingham,  Morton  House,  Fence  Houses        April  14^  1883 

130  Weeks,  R.  L.,  Willington,  Co.  Durham  June  10,  1882 

131  Wilson,  John  R.,  Swaithe,  near  Barnslej'       June   9,1883 

132  WoBMALD,  C.  F.,  Cross  House,  Corbridge        Dec.    8,  1883 


1  Anderson,  R.  S.,  Elswick  Colliery,  Xewcastle-on-Tyne         June   9, 1883 

2  Atkinson,  A.  A.,  Lumley  Colliery,  Fence  Houses       Aug.    3, 1878 

3  Barrass,  M.,  Tudhoe  Colliery,  Spennymoor     Dec.  10,  1883 

4  Bafmoartner,  W.  O.,  Trimdon  Grange  Coll.,  Co.  Durham Sept.   6, 1879 

5  Bell,  Geo.  Fred.,  25,  Old  Elvet,  Durham       Sept.   6, 1879 

6  Bird,  H ABB Y,  Fawler  Iron  Mines,  Charlbury April  7,1877 

7  Blackett;,  W.  C,  Jun.,  Kimblesworth  Colliery, Chester-le-Street     ...  Nov.    4>  1876 

8  Blakeley,  A.  B.,  Hollyroyd,  Dewsbury  Feb.  15,  1879 

'    9  Bbamwell,  Hugh,  20,  Beverley  Terrace,  CuUercoats  Oct.    4,1879 

10  Brown,  C.  Gilpin,  Hetton  Colliery,  Fence  Houses     Nov.    4^1876 

11  Chandley,  Charles,  Atherton  Collieries,  near  Manchester Nov.    6, 1880 

12  Chapman,  Alf.  C,  Silks  worth  Hall,  near  Sunderland  Oct.    4,1879 

13  Child,  H.   ...        ...        ...        ...        ...        ...        ...        ...        ...  Feb.  15, 1879 

14  Cole,  Collin,  Simonside  Cottage,  Tyne  Dock,  South  Shields  ...  Oct.  18, 1882 

15  Crawford,  James  Mill,  Murton  Colliery,  near  Sunderland  ...  Dec.  11,1882 

16  Crone,  F.  E.,  Killingworth  House,  near  Newcastle-on-Tyne Sept.   2, 1876 

17  Curry,  W.  Thos.,  Us  worth  Colliery,  via  Washington,  R.S.O.  ...  Sept.   4, 1880 

18  Davidson,  C.  C,  Ore  Bank  House,  Bigrigg,  via  Camforth,  Cumberland  Nov.  4^  1876 

19  Davis,  Kenneth  M.,  Towneley  and  Stella  Collieries,  Ryton-on-Tyne  April  6, 1879 

20  Dbpledgb,  M.  F April  7,1877 

21  DONKIN,  Wm.,  Mohain  Mines,  Gadawara,  C.P.,  India Sept  2, 1876 

22  Douglas,  A.  S.,  Stanley  Villa,  near  Crook,  Ma  Darlington June  1,1878 

23  Dunn,  A.  F.,  Poynton,  Stockport,  Cheshire       June  2,1877 

24  DuRNFORD,  H.  St.  John,  Low  Stublin  Colliery,  near  Rotherham    ...  June  2, 1877 

25  Evans,  Dayid  L.,  Messrs.  Dalziel  &  Evans,  Cardiff May    41878 

26  Fbbbns,  Frbdbriok  J.,  220,  Gilesgate,  Durham         Dec.    4  1880 

27  Fobsteb,  C.  W.,  6,  Ellison  Place,  Newcastle-on-Tyne June  10, 1882 

28  Fohster,  Thomas  E.,  Lesbury,  R.S.O.,  Northumberland      Oct.     7,1876 

29  Fowler,  Robert,  Wearmouth  Colliery,  Sunderland Dec.    2, 1876 

30  Gallwby,  Arthur  P.,  El  Callao  Gold  Mine,  Guiana,  Venezuela,  S.A.  Oct.     2, 1880 

31  Gilchrist,  J.  R.,  Durham  Main  Colliery,  Durham     Feb.    8,1877 

32  Gordon,  Chas.,  Glebe  Street,  Stoke-on-Trent May    6, 1877 


(xxxv) 

XUICTKIi. 

83  Gould,  Albx.,  6,  Ellison  Place,  Newcastle-on-Tyne Dec.     1,1877 

84  Gbben,  Francis  W.,  Harton  Colliery  Offices,  South  Shield*  ...  April 22,  1882 

85  Gbbio,  J.,  Brancepeth  Village,  Co.  Durham     Feh.     5,1881 

36  Haddock,  W.  T.,  Jun.,  Ryhope  Colliery,  Sunderhiiid Oct.     7,1876 

37  Hagoib,  Douglas,  Harton  Colliery,  South  Shields     April  14,  1883 

38  Haio,  K.  NoBLB Feb.  10,1883 

89  Habb,  Samubl,  Broughton  and  Plas  Power  Coal  Co.,  Ltd.,  Wrexham  Aug.    2, 1879 

40  Habbisox,  ROBBBT  J May    1,1875 

41  Habbison,  R.  W.,  Public  Wharf,  Leicester      Mar.    8,1877 

42  Hat,  W.,  Jun.,  Nostell  Colliery,  Wakefield       Dec.  10, 1883 

43  Hbdlbt,  Sept.  H.,  Wardley,  Newcastle-on-Tyne        Feb.  15,1879 

44  Hekdt,  J.  C.  B.,  Middle  Bitchburu  Colliery,  Howden-le-Wear,  via 

Darlington       Sept.   2,1876 

46  Hbslop,  Septimus,  Urpeth,  Chester-le-Street Dec.    4,1880 

46  Heslop,  Thomas,  Storey  Lodge  Colliery,  Cockfield,  via  Darlington...  Oct.     2, 1880 

47  Hill,  Leonabd,  Newport  Wire  Mills,  Middlesbro'      ..  Oct.     6, 1877 

48  HooPEB,  Ed wabd,  Haydon  Bridge,  Northumberland ..  June   4,1881 

49  HowABD,  Walter,  13,  Cavendish  Street,  Chesterfield  April  13, 1878 

60  Hudson,  Joseph  G.  S.,  Albion  Mines,  Pictou  County,  Nova  Scotia...  Mar.    2, 1878 

61  Humble,  Joicet,  17,  Westmorland  Terrace,  Newcastle -on -T^Tie      . . .  Mar.    3, 1877 

52  Humble,  Robert,  The  Poplars,  Ebchester,  Co.  Durham        Sept.   2, 1876 

53  HuBST,  Geo.,  Seaton  Delaval  Colliery,  Northumberland         April  14, 1883 

54  HUTT,  E.  H.,  Usworth  CoU.,  Washington  Station  R.S.O.,  Co.  Durham  Aug.    4,  1883 

65  Katll,  A.  C,  Felling  Colliery,  Gateshead-on-Tyne     Oct.    7,1876 

56  EiBEHOUSE,  E.  G.,  Medomsley,  Liutz  Green,  Newcastle-on-Tyne     ...  Aug.    3,  1878 

67  KiBKUP,  Philip,  Esh  Colliery,  near  Durham Mar.    2,1878 

68  KiBTON,  Hugh,  Waldridge  Colliery,  Chester-le-Street  April  7,  1877 

69  LiWDSAT,  C.  S.,  Usworth,  ma  Washington  R.S.O Mar.    4,1876 

60  Lishman,  B.  R.,  Celynen Colliery,  Abercarne,  via  Newport,  Mon.       ...  June    9,  1883 

61  Locke,  E.  G Dec.    2,1876 

62  Longbotham,  R.  H.,  Brynkinalt  Colliery,  Chirk,  Wales        Sept.   2, 1876 

63  MACKHf LAY,  T.  B.,  West  Pelton  Colliery,  Chester-le-Street Nov.    1,1879 

64  Mabston,  Frank,  Bromfield  Hall,  Mold  Aug.    7,1882 

66  McLaben,  B.,  Bedlington  R.S.O.,  Northumberland     Dec.  10, 1883 

66  Mrrroy,  A.  D.,  Sherbum  House,  Durham         June    9,1883 

67  MUBBAY,  W.  C,  Weed  Park,  Dipton,  via  Lintz  Green  Station       ...  Oct.     4,  1879 

68  MUBTOX,  Chables  J.,  Jesmond  Villas,  Newcastle-on-Tyne Mar.    6, 1880 

69  Nicholson,  J.  C,  Wear  Steel  and  File  Works,  Sunderland Feb.    3, 1877 

70  Nicholson,  J.  H.,  Cambois  Colliery,  Blyth,  Northumberland  ...  Oct.     1, 1881 

71  Noble,  J.  C,  Usworth  Hall,  near  Washington  Station,  Co.  Durham...  May    6, 1877 

72  Oatss,  Bobebt  J.  W.,  E.I.R.  CoUieries,  Giridi,  Bengal,  India     ...  Feb.  10,1883 

78  Pattison,  Jos.  W.,  Londonderry  Offices,  Seaham  Harbour Feb.  15,1879 

74  Psakb,  B.  C,  Highgate,  Wallsall  Feb.    7,1880 
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75  Peart,  A.  W.,  Lower  Duffryn  Collieries,  near  Mountain  Ash            ...  Nov.  4v  1876 

76  Pease,  J.  T.,  Pierremont,  Darlington June  9, 1883 

77  Pike,  Arnold,  Kimbles worth  Colliery,  Chester-le-Street      Feb.  5, 1881 

78  Potter,  E.  A.,  Cramlington  House,  Northumberland Feb.  6,  1875 

79  PiiiCE,  S.  R.,  Houghton  Main  Colliery,  near  Barnsley,  Yorkshire     ...  Nov.  3, 1877 

80  Pbinolb,  H.  a.,  Peases'  West  Collieries,  Crook,  by  Darlington         ...  Oct.  2,  1880 
81'  Prinole,  Hy.  Geo.,  Tauficld  Lea  Coll.,  Lintz  Green  Station,  Newcastle  Dec.  4, 1880 

82  Prooior,  C.  p.,  Shibden  Hall  Collieries*  near  Halifax,  Yorkshire     ...  Oct.     7, 1876 

83  Reed,  R.,  North  Seaton  Colliery,  Morpeth        Feb.     8,1877 

84  Richardson,  Ralph,  Field  House,  West  Rainton,  Fence  Houses    ...  June    9, 1883 

85  Richardson,  R.  W.  P.,  Office  of  General  Manager,  Cedral  Mining 

and  Smelting  Co.'s  Mines,  Villa  de  Musquiz  Coalmila,  Mexico  ...  Mar.    4v  1876 

86  Ridley,  William,  South  Tanfield  Colliery,  Chester-le-Street  ...  Dec.  11, 1882 

87  Robinson,  Frank,  Norley  Colliery,  Wigan      Sept.   2,1876 

88  Robinson,  Geo Nov.    4,1876 

89  Routledgb,  W.  H.,  Staveley  Coal  and  Iron  Co.  Limited,  Chesterfield  Oct.     7, 1876 

90  ScAUTH,  R.  W.,  Dishforth,  near  Thirsk ' Dec.    4,1876 

91  Scott,  Joseph  Samuel,  East  Hetton  Colliery,  Coxhoe,  Co.  Durham  Nov.  19, 1881 

92  Scott,  Walter,  Cornsay  Colliery,  Lanchester,  Co.  Durham Sept.    6, 1879 

93  Scott,  Wm.,  Brancepeth  Colliery  Offices,  Willington,  Co.  Durham  ...  Mar.    4v  1876 

94  Simpson,  F.  R.,  Hedgefield  House,  Blaydon-on-Tyne Aug.    4, 1883 

95  Smith,  Thos.,  Lcadgate,  Co.  Durham Feb.  15,1879 

96  Smith,  T.  F.,  Juu.,  Cinderford  Villas,  near  Newnham,  Gloucestershire  May    6, 1877 

97  Southern,  E.  O.,  Breeze  Hill,  Whitehaven      Dec.    6, 1874 

98  Southern,  Thomas,  Cwmaman  Colliery,  near  Aberdare,  South  Wales  Dec.  17, 1881 

99  Steatenson,  C.  H.,  Durham      Aprill4, 1883 

100  Stobart,  H.  T.,  Washington  Colliery,  Washington  Station  R.S.O., 

Co.  Durham    ...         ...         ...         ...         ...         ...  Oct.     2,1880 

101  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street Oct.     6,1877 

102  Todd,  John  T.,  Hetton-le-Hole,  Fence  Houses Nov.    4^1876 

103  ToDNER,  W.  J.  S.,  33,  Beaumont  Street,  Elswick,  Newcastle-on-Tyne  Sept.    6, 1879 

104  Wauoh,  Charles  L.,  Ffalda  Steam  Coal  Colliery,  Garw  Valley,  near 

Bridgend        ...         ...         ...         ...         ...         ...         •••         •••  Nov.  19, 1881 

105  White,  C.  E.,  Hebburn  Colliery,  near  Newcastle-on-Tyne     Nov.    4, 1876 

106  Wilson,  J.  D.,  Ouston  House,  Chester-le-Street         Sept.  11, 1876 
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Sttbscribm  unbir  ^jjie-lafo  9. 


1  Ashing^n  Colliery,  Newcastlc-on-Tyne. 

2  Birtley  Iron  Company,  Birtley. 

3  Haswell  Colliery,  Fence  Houses. 

4  Hetton  Collieries,  Fence  Houses. 

5  Lambton  Collieries,  Fence  Houses. 

6  Londonderry  Collieries,  Seaham  Harbour. 

7  Marquess  of  Bute. 

8  North  Hetton  Colliery,  Fence  Houses. 

9  Ryhope  Colliery,  near  Sunderland. 

10  Seghill  Colliery,  Northumberland. 

11  South  Hetton  and  Murton  Collieries. 

12  Stella  Colliery,  Hcdgefield,  Blaydon-on-Tyne. 

13  Throckley  Colliery,  Newcastle-on-Tyne. 

14  Victoria  Garesfield,  Lintz  Green. 

15  Wearmouth  Colliery,  Sunderland. 


Summarir  of  ^mbrr.^. 


•Original  Members 

...     611 

Ordinary  Members 

...       40 

Associate  Members 

...     132 

•Honorary  Members 

...       21 

Students  Class    ... 

...     106 

Subscribers  under  Bye 

-biw9 

...       15 
823 

*  Two  Originml  are  •ho  HoDorary  Members 


CHARTER 
THE    NORTH    OF    ENGLAND 

liistihitt  «f  Ifiiiinj  siA  ^ttjaiiial  €ii((iiim-3. 


FOUNDED  1853. 
IHCORPOKATED  NOVESIBEK  28ril,  1876. 
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$)'idontI,  ^J  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Fatth,  to  all  to  waou 

THESE   PBESiaTS   SHALL  COME,   GeEETIKQ  : 

Whereas  it  has  been  represented  to  ub  that  Nicholas  Wood,  oF 
Ilettoii,  in  the  County  of  Durham,  Esquire  (since  deceased);  Thomas 
EUEBSON  Foester,  of  Newcastle-Hpoo-Tjne,  Esquire  (since  deceased)  j 
Sia  Georoe  Elliot,  Baronet  (thou  George  Elliot,  Esquire),  of  Houghton 
Hitll,  in  the  said  County  of  Durham,  and  Edwahd  Fenwick  Boyd,  of 
Moor  House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our 
loring  subjects,  did,  in  the  year  one  thousand  eight  huodi'ed  and  fifty-two, 
fonn  themselveB  into  a  Society,  which    is  known  by  the  name  of  Tub 
North  of  England  Institdte  op  Minisq  and  Mechanioai.  Engineer9, 
having  for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the  Ad- 
vancement of  the  Sciences  of  Mining  and  Engineering  generally,  of  which 
Society  Lindsay  Wood,  of  Southill,  Chester-le-Strctt,  in  the  County  of 
^^       Durham,  Esquire,  is  the  present  President.    And  whereas  it  has  been 
^K     further  represented  to  us  that  the  Sooicty  was  not  constituted  for  gain, 
^^P     and  that  neither  its  projectors  nor  Members  derive  nor  have  derived 
^H       pecuniary  profit  from  its  prosperity ;  that  it  has  during  its  existence  of  a 
period  of  nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  pre- 
servation of  human  life  and  the  safer  development  of  mineral  property; 
_        that  it  has  contributed  substantially  and  beneficially  to  the  prosperity  of 
^k       the  country  and  the  welfare  and  happiness  of  the  working  members  of  the 
^M       community  i    that  the  Society  has  since  its  establishment  diligently 
^M       pniBned  i\a  aforesaid  objects,  and  in  so  doing  has  made  costly  cxperimeuta 
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and  researches  with  a  view  to  the  saviag  of  life  by  improrements  in  tB 
ventilation  of  mines,  by  ascertaining  the  conditions  under  which  the  sarety 
lamp  may  be  relied  on  for  security ;  that  the  experiments  conducted  by 
the  Society  bavo  related  to  accidents  in  mines  of  every  description,  and 
have  not  been  limited  to  those  proceeding  from  exploBiousi  that  the  vari- 
ous modes  of  getting  coal,  whether  by  mechanical  appliances  or  otherwise, 
have  received  carefnl  and  coutinuouH  attention,  while  the  improvementa 
in  the  mode  of  working  and  hauling  belowground,  the  machinery  em- 
ployed for  preventing  the  disaalrous  falls  of  roof  underground,  and  the 
prevention  of  flpontaneous  combustion  in  seams  of  coal  aa  well  as  in  oar- 
goes,  and  the  providing  additional  security  for  the  miners  in  ascending 
and  descending  the  pits,  the  improvements  in  the  cages  used  for  this  pur- 
pose, and  in  the  safeguards  against  what  is  technically  known  as  "over- 
winding," have  been  most  successful  in  lessening  the  dangers  of  mining, 
and  hi  preserving  human  life ;  that  the  Society  haa  held  meetings  at  stated 
periods,  at  which  the  results  of  the  said  experiments  and  researches  have 
been  considered  and  discussed,  and  has  published  a  series  of  Transactions 
filling  many  volumes,  and  forming  in  itself  a  Iiighly  valuable  Library  of 
scientific  reference,  by  which  the  same  have  been  made  known  to  the 
public,  and  has  formed  a  Library  of  Scientific  Works  and  Collectionfl  of 
Models  and  Apparatus,  and  that  distinguished  persons  in  foreign  conntriea 
have  availed  themselves  of  Che  facilities  afforded  by  the  Society  for  com- 
municating important  scientific  and  practical  discoveries,  and  thus  a  UBcful 
interchange  of  valuable  information  has  been  effected ;  that  in  particular, 
with  regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  invohxd  much  pecuniary  outlay  and  peraonal  labour, 
and  the  details  of  which  are  recorded  in  the  successive  volnmea  of 
the  Society's  Transactions,  have  led  to  large  and  important  advances 
in  the  practical  knowledge  of  that  subject,  and  that  the  Society's  re- 
searches have  tended  largely  to  increase  the  security  of  life;  that  the 
Members  of  the  Society  exceed  800  in  number,  and  include  a  large  pro- 
portion of  the  leading  Mining  Engineers  in  the  United  Kingdom.  Akd 
WHEREAS  in  order  to  secure  the  property  of  the  Society,  and  to  extend  ita 
useful  operations,  and  to  give  it  a  more  permanent  eHtablishraent  among 
the  Scientific  Institutionsof  our  Kingdom,  we  have  been  besought  to  grant 
to  the  said  Lindsay  Wood,  and  other  the  present  Members  of  the  Society, 
and  to  those  who  shall  hereafter  become  Members  thereof,  our  Royal 
Charter  of  Incorporation.  Now  know  ye  that  we,  being  desirous  of 
encouraging  a  design  bo  laudable  and  salutary  of  our  special  grace,  cer- 
tain knowledge,  and  mere  motion,  have  willed  granted,  and  declaredj  and 
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do.  by  the-Be  preBentfl,  for  m,  onr  heire,  and  BuccpMora.  will,  grant,  and 
declare,  that  the  said  Lindsay  Wood,  and  such  others  of  our  loving  sub- 
jectB  aa  are  now  SlemborB  of  the  said  Society,  and  anch  others  as  kLuU 
from  time  to  time  hcrcafler  become  Members  thereof,  according  to  such 
Byo-lan's  as  shall  be  made  oh  hercinatlcr  mentioned,  and  their  successors, 
Bhallforeverhereafterbe,  by  virtue  of  these  presents,  one  body,  politic  and 
corporate,  by  the  name  of  "The  North  of  Eugi^nd  IssTiTfTE  of 
MmiKQ  ASD  SIkchanical  Enoikbers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  some  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  us,  our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive,  pos- 
sess, hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattcU 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
statutes  and  mortmain)  to  purchase,  acquire,  poBsess,  hold  and  enjoy  to 
them  and  their  snccessora  a  hull  or  house,  and  any  such  other  lands,  tene- 
ments, or  hereditaments  whatsoever,  as  Ihey  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site 
of  the  said  hall  or  house,  shall  not  eiceed  in  the  whole  the  sum  of  tliree 
thousand  pounds,  coniputiDg  the  same  respectfully  at  the  rack  rent  which 
might  have  been  had  or  gotten  for  the  same  rcsiiectfully  at  the  time  of 
the  purchase  or  acquisition  thereof,  AsD  we  do  hereby  grant  our 
especial  licence  and  authority  unto  nil  and  every  person  und  persons  aud 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments  not  eicccding 
Trith  the  lands,  tenements  or  hereditaments  so  purthascd  or  previ- 
ously acquired  such  annual  value  as  aforesaid,  and  also  any  moneys, 
fltocks,  BecnrJties,  and  other  personal  estate  to  be  laid  out  and  disponed  of 
in  the  purchase  of  any  lands,  tenements,  or  hereditaments  not  exceeding 
the  like  annual  value.  And  we  further  will,  grant,  and  declare,  that  the 
said  Society  shall  have  full  power  and  authority,  from  time  to  lime,  to 
Bell,  grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of 
mortgage,  or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and 
possessions,  wherein  they  have  any  estate  or  interest,  or  which  tliey  ahal? 
acquire  as  aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any 
lands,  tenements,  or  beredilamcnia  of  the  Society  shall  be  made,  except 
with  the  approbation  and  concurrence  of  a  General  Meeting.  And  onr  will 
and  pleasure  is,  and  we  further  grant  and  declare  that  for  the  better  rule 
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and  goTornmcnt  of  the  Society,  and  the  direction  and  management  ( 
concerns  thereof,  there  ehoU  be  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Members  thereof,  and  to  inchide  the  President  and  the 
Vice-PrcsidentB,  and  such  other  office-bearers  or  past  office- bearers  as  may 
bo  directed  by  sueb  liye-lawB  as  hereinailer  mentioned,  but  so  that  the 
Conueil,  inchidiiig  all  ex-offtcto  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Memliers,  and  that  the  Vice-PrcsideDtB  shall 
be  not  more  than  six  or  less  than  two  in  number.  And  we  do  hereby 
FURTHER  will  Biid  declare  that  the  said  Lindsat  Wood  sliall  be  the  first 
President  of  the  Society,  and  tlie  persons  now  being  the  Vice-President^ 
and  the  Treasurer  and  Secretar}%  shall  be  the  first  Vicc-Prcsidenta,  and 
the  first  Trcasui-cr  and  Secretary,  and  the  persons  now  being  the  llembers 
of  the  Council  shall  bo  the  first  JTembers  of  the  Council  of  the  Society, 
and  that  they  respectfully  shall  continue  such  until  the  fii-st  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.  Akd  wg 
DO  HEREBY  FURTHEH  will  and  declare  that,  subject  to  the  powers  by 
these  presents  Tested  in  the  General  Meetings  of  the  Society,  the  Council 
shall  have  the  management  of  the  Society,  and  of  the  income  and  property 
thereof,  iucluding  the  appointraenc  of  o.'ficera  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  ofliccrs  and  servant*,  and 
generally  may  do  all  snch  acts  and  deeds  as  they  shall  deem  ncccEsary  or 
fitting  to  be  done,  in  order  to  cairy  into  full  cperation  and  tfiect  the 
objects  and  purposes  of  the  Society,  but  so  always  thwt  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  onr 
Charter,  or  the  Laws  of  our  Kealm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.  Akd  we  do  FUHTnER  will  and  declare  that  at  any 
Genera]  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hcreinalter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  fortheregulationandgoodgovernmeot  of  the  Society, 
and  of  the  Membere  and  afiairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  elFcct,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say:  for  filing  the  number  of  Vice-Presidents,  and  the  r'Jmber 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein;  and  for  I'egulating  the  limes  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held, 
and  for  convcnini;  tbe  same  and  regulating  the  proceedings  thereat,  and 
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for  regulating  the  manner  of  admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and 
for  imposing  reasonable  fines  or  penalties  for  non-performance  of' any 
snch  Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to 
annul,  alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye- 
laws  to  be  made  as  aforesaid  be  not  repugnant  to  these  presents,  or  to 
any  of  the  laws  of  our  Realm.  And  we  do  further  will  and  declare 
that  the  present  Rules  and  Regulations  of  the  Society,  so  far  as  they 
are  not  inconsistent  with  these  presents,  shall  continue  in  force,  and 
be  deemed  the  Bye-laws  of  the  Society  untQ  the  same  shall  be  altered 
by  a  General  Meeting,  provided  always  that  the  present  Rules  and  Regu- 
lations of  the  Society  and  any  future  Bye-laws  of  the  Society  so  to  be 
made  as  aforesaid  shall  have  no  force  or  efiect  whatsoever  until  the  same 
shall  have  been  approved  in  writing  by  our  Secretary  of  State  for  the 
Home  Department.  In  witness  whereof  we  have  caused  these  our 
Letters  to  be  made  Patent. 

Witness  Ourself  at  our  Palace,  at  Westminster,  this  28th  day  of 
November,  in  the  fortieth  year  of  our  reign. 

By  Her  Majesty's  Command. 

CARDEW. 


THE  NOETH  OF  ENGLAND  INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


BYE-LAWS 

PASSED  AT  A  GENERAL  MEETING  ON  THE  16th  JUNE.  1877, 


1. — ^The  members  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers  shall  consist  of  four  classes,  viz.: — Original  Mem- 
bers, Ordinary  Members,  Associate  Members,  and  Honorary  Members, 
with  a  class  of  Students  attached. 

2. — Original  Members  shall  be  those  who  were  Ordinary  Members 
on  the  1st  of  August,  1877. 

8. — Ordinary  Members. — Every  candidate  for  admission  into  the 
class  of  Ordinary  Members,  or  for  transfer  into  that  class,  shall  come 
within  the  following  conditions : — He  shall  be  more  than  twenty-eight 
years  of  age,  have  been  regularly  educated  as  a  Mining  or  Mechanical 
Engineer,  or  in  some  other  recognised  branch  of  Engineering,  according 
to  the  usual  routine  of  pupilage,  and  have  had  subsequent  employment 
for  at  least  five  years  in  some  responsible  situation  as  an  Engineer,  or 
if  he  has  not  undergone  the  usual  routine  of  pupilage,  he  must  have 
practised  on  his  own  account  in  the  profession  of  an  Engineer  for  at  least 
five  years,  and  have  acquired  a  considerable  degree  of  eminence  in  the 
same. 

4. — ^Associate  Members  shall  be  persons  practising  as  Mining  or 
Mechanical  Engineers,  or  in  some  other  recognised  branch  of  Engineering, 
and  other  persons  connected  with  or  interested  in  Mining  or  Engineering. 

5. — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — Students  shall  be  persons  who  are  qualiiying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  some  other  of  the 
recognised  branches  of  Engineering,  and  such  persons  may  continue 
Students  until  they  attain  the  age  of  twenty-three  yeara. 


7. — ^Tlie  ennnal  Bubacription  of  each  Original  Member,  and 

Ordinary  Memljei"  who  ivas  a  Student  ou  the  Ist  of  August,  1877,  shall 
be  £2  28.,  of  each  Ordinary  Member  (escfept  as  last  racntiooed)  £3  3b., 
of  each  AssoiiaW  Member  £2  2b.,  and  of  each  Student  £1  la,,  payable 
in  advance,  and  shall  be  considered  due  on  election,  and  afterwards  oa 
the  first  Saturday  in  August  of  each  year, 

8. — Any  Member  may,  at  any  time,  compound  for  oil  future  subscrip- 
tions by  a  payment  of  £25,  where  the  annual  sabscripUon  la  £3  3a., 
and  by  a  payment  of  £20  where  the  annual  sabscription  is  £2  2a.  All 
persona  so  compounding  shall  be  Original,  Ordinary,  or  Aaaociatc 
Members  for  life,  as  the  case  may  be  ;  but  any  Assoriate  Member  for  life 
who  may  aflerwards  dcaire  to  become  an  Ordinary  Member  for  life,  may 
do  BO,  after  being  elected  in  the  manner  described  in  Bye-law  13,  and  oa 
payment  of  the  (iirther  sum  of  £5. 

fl. — Owners  of  Collieries,  Engineers,  Manufacturers,  and  Employers 
of  labour  generally,  may  subBcribe  annually  to  the  funds  of  the  Institute, 
and  each  such  subscriber  of  £2  2b,  annually  shall  be  entitled  to  a  ticket 
to  admit  two  poraons  to  the  rooms,  library,  meetings,  lectures,  and  public 
proceedings  of  the  Society;  and  for  every  additional  £2  2a.,  subscribed 
annually,  two  other  iieraona  shall  be  admissible  up  to  the  number  of  ten 
persons ;  and  each  such  Subscriber  ahall  also  be  entitled  for  each  £2  29. 
subscription  to  have  a  copy  of  the  Proceedings  of  the  Institute  sent  to  him. 
10. — In  case  any  Slerober,  who  bos  bcoa  long  distinguished  in  his  pro- 
fessional career,  becomes  unable,  from  ill-health,  advanced  age,  or  other 
Bufficicnt  cause,  to  carry  on  a  lucrative  practice,  the  Council  may,  on  the 
report  of  a  Suh-Committ«e  appointed  for  that  purpose,  if  they  find  good 
reason  for  the  rcmiMion  of  the  annual  Buhacription,  so  remit  it.  They 
may  also  remit  any  arrears  which  arc  due  from  a  member,  or  they  may 
accept  from  him  a  collection  of  books,  or  drawings,  or  models,  or  other 
contributions,  in  lieu  of  the  composition  mentioned  in  Bye-law  8,  and 
may  thereupon  constituLe  bim  a  Life  Member,  or  permit  him  to  resume 
his  former  rank  in  the  Institute. 

II. — Persona  desirous  of  becoming  Ordinary  Members  shall  be  propraed 
and  recommended,  according  to  the  Form  A  in  the  Appendix,  in  which 
form  the  name,  usual  residence,  and  qualifications  of  the  candidato 
shall  be  distinctly  specified.  This  form  must  be  signed  by  the  proposer 
and  at  least  five  other  Jrembcra  certilying  a  personal  knowledge  of  the 
candidate.  The  proposal  so  made  being  delivered  to  the  Secretary,  shall 
be  Buhmitted  to  the  Council,  who  on  approving  the  qualifications  shall 
determine  if  Uie  candidate  is  to  be  presented  for  ballot,  and  if  it  is  so  deter- 
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minecl,  the  Clmimian  of  the  Council  sliall  sin^n  snch  npproliation.  Tho 
same  shall  be  read  at  tho  nest  Ordinary  Geuenil  Meeting,  and  aftcrwardfi 
be  placed  in  some  conspicuous  sitnation  until  the  following  Oi-dinary 
General  Meeting,  when  the  candidnte  shall  be  balloted  for. 

12. — Persons  desiroaa  of  being  admitted  into  the  Institute  as  Associate 
Kembere,  or  Students,  shall  be  proposed  by  three  Members;  Honorary 
Membera  shall  be  proposed  by  at  least  five  Members,  and  shall  in  addition 
be  recommended  by  the  Council,  who  shall  also  have  the  power  of  defining 
the  time  dnring  which,  and  the  circumstances  under  which,  they  shall  ba 
Honorary  Members.  The  nomination  shaU  be  in  writing,  and  signed  by 
the  proposers  (according  to  the  Form  B  in  tho  Appendix),  and  sball  be 
Huhmitted  to  the  first  Ordinary  General  Meeting  after  the  date  thereof. 
The  name  of  the  person  proposed  shall  be  ediibited  in  the  Society's  room 
until  the  next  Ordinary  General  Meeting,  when  the  candidate  shall  be 
balloted  for. 

13, — Associate  Members  or  Students,  desirons  of  becoming  Ordinary 
Membera,  shall  be  proposed  and  recommended  according  to  the  Form  0 
in  the  Appendix,  in  which  form  the  name,  usual  rcBidcnce,  and  qiialifl- 
catioHB  of  the  candidate  shall  be  distinctly  specified.  This  form  must 
certify  a  personal  knowledge  of  the  candidate,  and  he  signed  by  the 
proposer  nud  at  least  two  other  Members,  and  the  proposal  shall  then 
be  treated  in  the  manner  described  in  Bye-law  11.  Stndents  may  becoma 
Aaaociuto  Membera  at  any  time  after  attaining  the  age  of  twcnty-threo 
on  payment  of  an  Associate  Member's  subscription. 

14, — The  balloting  shall  be  conducted  in  the  following  manner . — 
Each  Member  attending  tho  Meeting  at  which  a  ballot  is  to  take 
place  shall  be  supplied  (on  demand)  with  a  list  of  tlie  names  of  the 
persons  to  bo  balloted  for,  according  to  the  Form  D  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  he  desires  shall 
not  be  elected,  and  return  tho  list  to  tho  scrntincera  appointed  by  the 
presiding  Chairman  for  the  purpose,  and  such  Bcmtincers  shall  examine 
the  liat£  so  returned,  and  inform  the  meeting  what  clectiona  have  been 
made.  No  candidate  shall  be  elected  unless  he  secures  the  votes  of  two- 
Ihirds  of  the  Members  voting. 

J5. — Xotice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  accoi-ding  to  tho  Form  E  in  the  Appendi.t,  enclosing 
at  the  Bame  time  a  copy  of  Form  F,  which  shall  be  returned  by  the 
person  elected,  signed,  and  accompanied  with  the  nmonnt  of  hia  annual 
aubacriptiou,  or  life  composition,  within  two  months  from  tho  da[«  of 
n(^  election,  which  otherwise  should  become  void. 
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IC. — Every  Ordinary  Member  elected  having  signed  a  declaration  in 
the  Form  F,  and  having  likewise  made  the  proper  payment,  shall  reoeive 
a  certificate  of  his  election. 

17. — ^Any  person  whose  subscription  is  two  years  in  anear  shall  be 
reported  to  the  Council,  who  shall  direct  application  to  be  made  for  it, 
according  to  the  Form  G  in  the  Appendix,  and  in  the  event  of 
its  continuing  one  month  in  arrear  after  such  application,  the  GouncO 
shall  have  the  power,  after  remonstrance  by  letter,  according  to  the 
Form  H  in  the  Appendix,  of  declaring  that  the  defaulter  has  ceased  to  be 
a  member. 

18. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members,  and  they  think  fit  to  draw  up  and  sign 
a  proposal  requiring  such  expulsion,  the  same  being  delivered  to  the 
Secretary,  shall  be  by  him  laid  before  the  Council  for  consideration.  If 
the  Council,  after  due  inquiry,  do  not  find  reason  to  concur  in  the  pro- 
posal, no  entry  thereof  shall  be  made  in  any  minutes,  nor  shaQ  any  public 
discussion  thereon  be  permitted,  unless  by  requisition  signed  by  one-half 
the  ^lembers  of  the  Institute ;  but  if  the  Council  do  find  good  reason 
for  the  proposed  expulsion,  they  shall  direct  the  Secretary  to  address  a 
letter,  according  to  the  Form  I  in  the  Appendix,  to  the  person  proposed 
to  be  expelled,  advising  him  to  withdraw  from  the  Institute.  If  that 
advice  be  followed,  no  entry  on  the  minutes  nor  any  public  discussion  on 
the  subject  shall  be  permitted  ;  but  if  that  advice  be  not  followed,  nor  an 
explanation  given  which  is  satisfactory  to  the  Council,  they  shall  call  a 
General  Meeting  for  the  purpose  of  deciding  on  the  question  of  ex- 
pulsion ;  and  if  a  majority  of  che  persons  present  at  such  Meeting 
(provided  the  number  so  present  be  not  less  than  forty)  vote  that  such 
person  be  expelled,  the  Chairman  of  that  Meeting  shall  declare  the 
same  accordingly,  and  the  Secretary  shall  communicate  the  same  to  the 
person,  according  to  the  Form  J  in  the  Appendix. 

19. — The  OflScers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Original,  Ordinary  and  Associate 
Members,  and  shall  consist  of  a  President,  six  Vice-Presidents,  and 
eighteen  Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Mem- 
bers of  the  Institute)  shall  constitute  the  Council.  The  President,  Vice- 
Presidents,  and  Councillors  shall  be  elected  at  the  Annual  Meeting  in 
August  (except  in  cases  of  vacancies)  and  shall  be  eligible  for  re-election, 
with  the  exception  of  any  President  or  Vice-President  who  may  have 
held  office  for  the  three  immediately  preceding  years,  and  such  six  Coun- 
cillors as  may  have  attended  the  fewest  Council  Meetings  during  the  past 
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year  J  bnt  Bnch  Mcmbera  shall  be  eligiblo  Tor  re-election  after  beniif" 
year  oat  of  office. 

20.— The  Treasurer  and  the  Secretary  shall  be  appointed  by  the 
Conncil,  and  aliall  be  remoTftble  by  the  Council,  subject  to  appeal  to  a 
General  Mectinpr.    One  and  tlie  same  person  may  hold  both  these  ofRces, 

21. — Each  Original,  Ordinary,  and  Associate  Member  ebiill  be  at 
liberty  to  nominate  in  writing,  and  send  to  the  Secretary  not  less  than 
eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  lisl,  duly 
signed,  of  Members  suitable  to  fill  the  ofRcca  of  President,  V ice- Prosi dents, 
and  Memhers  of  Conncil,  for  the  ensuing  year.  The  Council  shall  prepare 
a  list  of  the  persona  so  nominated,  together  with  the  names  of  the  Officers 
for  the  cnrrent  year  eligible  for  re-election,  and  of  such  other  Members  as 
they  deem  suitable  for  the  various  olflcea.  Such  list  shall  comprise  the 
names  of  not  less  than  thirty.  The  list  ao  prepared  by  the  Council  shall 
be  snbmitted  to  the  General  Meeting  in  June,  and  shall  be  the  balloting 
list  for  the  annual  election  in  August.  (See  Form  K  in  the  Appendix.) 
A  copy  of  this  list  shall  be  posted  at  least  seven  days  previous  to  the 
Annual  Meeting,  to  evety  Original,  Ordinary,  and  Assotriate  Member;  who 
may  ernae  any  name  or  names  from  the  list,  and  substitute  the  name  or 
names  of  any  other  person  or  persons  eligible  for  each  respective  office ; 
bnt  the  number  of  peraons  on  the  list,  after  such  erasure  or  substitution, 
must  not  exceed  the  number  to  be  elcclfld  to  the  respective  offices.  Papem 
which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scrnti- 
neere.  The  Votes  for  any  Members  who  may  not  be  elected  President  or 
Vice-Preaidenta  shall  count  for  tliem  as  Members  of  the  Council.  The 
Chairman  shall  appoint  four  scrutineers,  who  shall  receive  the  balloting 
papers,  and,  after  making  the  necessary  scrutiny,  destroy  the  aune,  and 
sign  and  hand  to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting 
papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
be  handed  to  him,  or  to  the  Chairman  of  the  Meeting,  so  as  to  be  received 
before  the  appointment  of  the  scmtineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease  or  resignation  of  any  Officer  or  Offioera, 
the  Conncil,  if  they  deem  it  requisite  that  the  vacancy  shall  be  filled  up, 
shall  present  to  the  next  Ordinary  General  Meeting  a  list  of  persons  whom 
they  nominate  as  suitable  for  the  vacant  offices,  and  a  new  Officer  or 
Officers  shall  be  elected  at  the  succeeding  Ordinary  Genera!  Meeting. 
■  23. — The  President  shall  take  the  chair  at  all  meetings  of  the 
Institute,  the  Council,  and  Committees,  at  which  be  is  present  (ho 
being  er-offino  a  member  of  all),  and  shall  regulate  and  keep  order  in  the 
proceedings. 
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£Ge  abseiicG  of  t\.e  President,  it  slmll  bo  the  duty  of  the 
eeaior  Vice-President  pvuscnt  to  prcsiJe  at  the  meetings  of  the  Institute, 
to  keep  order,  atid  to  regulate  the  proceedings.  In  caee  of  the  absence 
of  tbe  Presidcut  and  of  all  the  Tice-Prwidentfl,  the  meeting  may  elect 
any  Member  of  Council,  or  in  case  of  their  absence,  any  Member  present, 
to  take  the  chair  at  the  meeting. 

25. — The  Connci!  may  appoint  Coraraitteea  for  the  purpose  of  transact- 
ing any  particular  business,  or  of  investigating  specific  subjects  connected 
with  the  objects  of  the  Institute.  Such  Committees  shall  report  to  the 
Council,  who  shall  act  thereon  ss  they  see  occasion. 

26, — The  Treasurer  and  the  Secfetary  shall  act  under  the  direction 
and  control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

27. — The  Funds  of  the  Society  sliall  be.  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

28. — The  Copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  commtinications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

29. — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  Jannaiy  and  July)  at  two  o'clock,  unless  otherwise 
det«rmined  by  the  Council;  and  the  Ordinaiy  General  Meeting  in  the 
month  of  August  shall  be  the  Annual  Meeting,  at  which  a  report  of  the 
proceedings,  and  an  abstract  of  the  accountB  of  the  previous  year,  Khali 
be  presented  by  the  Council.  A  Special  Genei-al  Meeting  shall  be  called 
whenever  the  Council  may  think  fit,  and  also  on  a  requisition  to  the 
Council,  signed  by  ten  or  more  Members.  The  business  of  a  Special 
Meeting  shall  be  confined  to  that  specified  in  the  notice  convening  it. 

SO. — At  meetings  of  the  Council,  five  shall  be  a  quorum.  The 
minutes  of  the  Council's  proceedings  shall  be  at  all  times  open  to  the 
inspection  of  the  Members. 

81. — All  Past-Presidents  shall  be  ^-officio  Members  of  the  Council  so 
long  as  they  continue  Members  of  the  Institute,  and  Vice- President*  who 
have  not  been  re-clect«d  or  have  become  ineligible  from  having  held  office 
for  three  consecutive  years,  shall  be  ex-offieio  Members  of  the  ConncO  tai 
the  following  year. 

32. — Every  question,  not  otherwise  provided  for,  which  shall  come 
beibre  any  Meeting,  shall  Ite  decided  by  the  votes  of  the  majority  of  Uie 
Original,  Ordinar)-,  and  Associate  Members  then  present. 
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J58. — ^All  papers  shall  be  sent  for  the  approval  of  tlic  Council  at  least 
twelve  days  before  a  General  Meeting,  and  after  approval,  shall  be  read 
before  the  Institute.  The  Council  shall  also  direct  whether  any  paper 
read  before  the  Institute  shall  be  printed  in  the  Transactions,  and  notice 
shall  be  given  to  the  writer  within  one  month  after  it  has  been  read, 
whether  it  is  to  be  printed  or  not. 

84. — All  proofs  of  reports  of  discussions,  forwarded  to  Members  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

85. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements 
and  opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  dis- 
cussions which  may  take  place  at  the  meetings  of  the  Institute. 

86. — Twelve  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

87. — Members  elected  at  any  meeting  between  the  Annual  Meetings 
shall  be  entitled  to  all  papers  issued  in  that  year,  so  soon  as  they  have 
signed  and  returned  Form  F,  and  paid  their  subscriptions. 

88. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to 
Members  whose  subscriptions  are  more  than  one  year  in  an-ear. 

89. — ^No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  of  the  Members  unless  by  written,  order  from  the  Council. 

40. — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangera  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote.  Any 
Member  of  the  Institute  shall  also  have  power  to  introduce  two  sti'angers 
(see  Form  L)  to  any  General  Meeting,  but  they  shall  not  take  part  in  the 
proceedings  except  by  permission  of  the  Meeting. 

41. — ^No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such,  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 

Approved, 

R.  ASSEETON  CROSS. 

TTkiUhall, 

2nd  July,  1S77. 


Clii) 


APPENDIX  TO  THE  BYE-LAWS. 


[FORM  A.] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  upwards  of  twenty-eight  years  of  age,  and  desirous  of  being  elected 
an  Ordinary  Member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  I  recommend  him  from  personal  knowledge  as  a 
person  in  every  respect  worthy  of  that  distinction,  because — 

iJIere  specify  dittincily  the  qualifications  of  the  Candidate,  according  to  the  tpirii 

of  Bye-law  3J] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed Member. 

Dated  this  day  of  18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being 
convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 
an  ordinary  Member. 

7R0H  PERSONAL  KNOWLEDGl. 


Five 
Members. 


[To  hp filled  up  hy  the  Council'] 

The  Council,  liaving  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  a  of  the  North  of  England  Institute 

of  Mining  and  Mechanical  Engineers. 

Signed Chairmaiu 

Dated  this  day  of  18 


(liii) 

[FOEM  B.] 

A.  B.  l^ChriBtian  Name,  Surname,  Occupation,  and  Address  in  fuD], 
being  desirous  of  admission  intx)  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  we,  the  undersigned,  propose  and  recommend 
that  he  shall  become  [an  Honorary  Member,  or  an  Associate  Member,  or 
a  Student]  thereof. 


Three* 
^  Members. 


*  If  an  Honorary  Member,  five  signatnres  are  necessary,  and  the  following 

Form  must  be  filled  in  by  the  Council. 

Dated  this  day  of  18 


ITo  he  filled  up  htf  the  Council.'] 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  an  Honorary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed Chairman. 

Dated  day  of  18 


[FORM  C] 

A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full], 
being  at  present  a  of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engincei's,  and  upwards  of  twenty-eight  years  of  age,  and 
being  desirous  of  becoming  an  Ordinaiy  Member  of  the  said  Institute,  I 
recommend  him,  from  personal  knowledge,  as  a  person  in  every  respect 
worthy  of  that  distinction,  because — 

[w&tfre  specify  dutinctly  the  Qualifications  of  the  Candidate  according  to  the  spirit 

of  Bye-law  5.] 

On  the  above  grounds,  I  beg  leave  to  propose  him  to  the  Council  as 
a  proper  person  to  be  admitted  an  Ordinary  Member. 

Signed Member. 

Dated  this  day  of  18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being 


(liv) 

convinced  that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted 

an  Ordinary  Member, 

7B0H  PEBSONAL  KirOWLRDGB. 

1     Two 

I  Members. 


iTo  he  filled  up  hy  the  CouncU,'] 

The  Council,  having  considered  the  above  recommendation,  present 
A.  B.  to  be  balloted  for  as  an  Ordinary  Member  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers. 

Signed \ Chairman. 

Dated  day  of  18 


[FORM  D.] 

List  of  the  names  of  persons  to  be  balloted  for  at  the  Meeting  on 
,  the  day  of  18 

Ordinary  Members:— 


Associate  Members: — 


Honorary  Members: — 


Students  : — 


Stiike  out  the  names  of  such  pei^sons  as  you  desire  should  not  be 
elected,  and  hand  the  list  to  the  Chairman. 


[FORM  E.] 

Sir, — I  beg  leave  to  inform  you  that  on  the  day  of 

you  were  elected  a  of  the  North  of  England  Institute  of 

Mining  and  Alcchanical  Engineers,  but  in  conformity  with  its  Rules  your 
election  cannot  be  confirmed  until  the  enclosed  form  be  returned  to  me 


(lY) 

irith  your  signature,  and  until  your  first  annual  subscription  be  paid,  the 
amount  of  which  is  £  ,  or,  at  your  option,  the  life-composition 

of£ 

If  the  subscription  is  not  received  within  two  months  from  ihe  present 
date,  the  election  will  become  void  under  Bye-law  15. 

I  am.  Sir, 

Yours  faithfully. 

Secretary. 
Dated  18 


[FOEM  F.] 

I,  the  undersigned,  being  elected  a  of  the  North 

of  England  Institute  of  Mining  and  Mechanical  Engineers,  do  hereby 
agree  that  I  will  be  governed  by  the  Charter  and  Bye-laws  of  the 
said  Institute  for  the  time  being ;  and  that  I  will  advance  the  objects 
of  the  Institute  as  far  as  shall  be  in  my  power,  and  will  not  aid  in  any 
unauthorised  publication  of  the  proceedings,  and  will  attend  the  meetings 
thereof  as  often  as  I  conveniently  can ;  provided  that  whenever  I  shall 
signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing  my 
name  therefrom,  I  shall  (after  the  payment  of  any  aiTcars  which  may  be 
due  by  me  at  that  period)  cease  to  be  a  Member. 

Witness  my  hand  this  day  of  18 


[FORM  G.] 

Sm, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  draw  your  attention  to  Bye- 
law  17,  and  to  remind  you  that  the  sum  of  £  of  your  annual 
subscriptions  to  the  funds  of  the  Institute  remains  unpaid,  and  that  you 
are  in  consequence  in  aixear  of  subscription.  I  am  aiso  airecieil  to 
request  that  you  will  cause  the  same  to  be  paid  without  further  delay, 
otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  Article  above 
referred  to. 

I  am.  Sir, 

Yours  faithfully, 

Secretary 

Dated  18 

h 


(Ivi) 

[FOitM  H.] 

Sir, — I  am  directed  bj^the  Council  of  the  North  of  England  Institate 
of  Mining  and  Mechanical  Engineers  to  inform  joxx,  that  in  consequence 
of  non-payment  of  your  arrears  of  subscription,  and  in  pursuance  of 
Bye-law  17,  the  Council  have  determined  that  unless  payment  of  the 
amoimt  £  is  made  previous  to  the  day  of 

next,  they  will  proceed  to  declare  that  you  have  ceased  to  be  a  Member  of 
the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  pay- 
mcnt  of  the  arrears  due  from  you. 

I  am.  Sir, 

Yours  faithfully. 

Secretary. 

Dated  18 


[FORM  I.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  to  inform  you  that,  upon  mature 
consideration  of  a  proposal  which  has  been  laid  before  them  relative  to 
you,  they  feel  it  their  duty  to  advise  you  to  withdraw  from  the  Institute, 
or  otherwise  they  will  be  obliged  to  act  in  accordance  with  Bye-law  18. 

I  am,  Sir, 

Yours  faithfully, 

Secretary. 

Dated  18 


[FORM  J.] 

Sir, — It  is  my  duty  to  inform  you  that,  under  a  resolution  [mssed  at  a 
Special  General  Meeting  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  held  on  the  day  of 

18       ,  according  to  the  provisions  of  Bye-law  18 
you  have  ceased  to  be  a  Member  of  the  Institute. 

1  am,  Sir, 

Youi-8  faithfully^ 

Secretary. 
Ditod  18 


(Mi) 
[FORM  K.] 

BALLOTING    LIST. 


Ballot  to  take  place  at  the  Meeting  of 


18 


at  Two  o'Cloclc. 


PEESiDEirr — Onb  Name  only  to  be  returned,  or  the  veto  will  be  lost. 
President  for  the  current  year  eligible  for  re-election. 

3^^^^!^^  >  New  Nominations. 


Yice-Pbesidents— Six  Names  only  to  be  returned,  or  the  vote 

will  be  lost. 
The  Votes  for  any  Members  who  may  not  be  elected  as 
President  or  Vice-Presidents  will  count  for  them  as  other  Members 
of  the  CounciL 


Vice-Presidents  for  the   current  year  eligible  for  re- 
election. 


New  Nominations. 


CouKCiir— EiOHTEBjr  Names  only  to  be  returned,  or  the  vote 

will  be  lost. 


Members  of  the  Council  for  the  current  year  eligible  for 
re -dec  lion. 
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» New  Nominations. 


Extract  from  Bye-law  21. 

Each  Orlgliial.  Ordinur,  and  ABsociate  Member  shall  be  at  liberty  to 
Domfaiate  In  writing,  and  aend  to  the  Secretary  not  leas  than  eight  days  prior 
to  the  Ordinary  General  Meeting  in  June,  a  list,  duly  signe^of  Members 
suitable  to  iUl  the  Offices  of  President.  Vice-Presidents,  and  Members  of 
Council,  for  the  ensuing  year.  The  Council  shall  prepare  a  list  of  the  persons 
so  nominated,  together  with  the  names  of  the  Officers  for  the  current  ycnLr 
eligible  for  re-election,  and  of  such  other  Members  as  they  deem  suitable  fo.* 
the  Tarious  offices.  Such  list  shall  comprise  the  namei  of  not  less  than  thirty. 
The  list  so  prepared  by  the  Council  .•(hail  be  submitted  to  the  General  Meeting 
!n  JunA,  and  shall  be  the  balloting  list  for  the  annual  ele<^ion  in  August.  (6«e 
yuxm  K  in  the  Appendix.)   A  copy  of  this  list  shall  Le  posted  at  least  s^^en  oavs 


(Iviii) 


preTlouB  to  the  Annual  Meeting,  to  ercry  Or.ifinal.  Onlinary.  and  Associate  Mcnjlier : 
wtiO  may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  or 
any  other  person  cir  persons  eligible  for  each  respective  office ;  but  the  number  of 

ivrsons  on  the  list, after  such  crasiiro  or  substitutiun,  must  not  exceed  the  number  to 
>e  elected  to  the  rc»i>e(tiTe  ofHcea  Papcm  which  do  not  accord  with  these  directions 
shall  be  rejected  by  the  bcriitineers.  The  Totes  fur  a:iy  Members  who  may  not  bo 
electe<l  President  or  Vice-Presidents  sliall  count  for  them  as  Members  of  the  Council. 
The  Chairman  shall  appoint  four  Scrutineers,  who  shall  receive  the  ballot  ingpai>era, 
and  after  making  the  necessarr  scrutiny  destroythe  same,  and  sign  and  hand  to 
the  Chairman  a  list  of  the  elected  Officers.  The  balloUng  papers  may  be  ro> 
turned  through  the  post  addressed  to  the  Secretary,  or  be  handed  to  him,  or  to 
the  Chairman  of  the  Meeting,  so  as  to  be  received  before  the  apyolutmeut  of  the 
Scrutineers  for  the  election  of  Officers. 


Names  substituted  for  any  of  the  above  are  to  bo  written  in  the  blank 
spaces  opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes  specified -in 
Bye-law  19 : — 


As  Faesident. 


As  Yice-Pbesident. 

As    C0U17CILL0£8 


[FORM  L.] 

Admit 

of 

to  the  Meeting  on  Saturday^  the 

(Signature  of  Member  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers^  and  not  to  aid  in  any  uuuuthoriaed 
publication  of  the  Proceedings. 

(Signature  of  Visitor) 
Not  transferable. 


NORTH  OF  ENGLAND  INSTITUTE 


OF 


MINIM  AND  MECHANICAL  ENaiNEERS. 


GENERAL  MEETING,  SATURDAY,  OCTOBER  13th,  1883,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEORGE  BAKER  FORSTER,  Esq.,  Pbssidekt,  nr  the  Chair. 


The  Sbcretaet  read  the  minutes  of  the  last  meeting,  and  reported 
the  proceedings  of  the  Gooncil. 

The    following   gentlemen   were    elected,   having   been   previously 
nominated  :— 

Obdinabt  Membbbs — 

Mr.  Jambs  Gibson  Dbbs,  Civil  Engineer,  FloraviUe,  Whitehaven. 
Mr.  Athebton  Sblby,  Mining  Engineer,  Leigh,  near  Manchester. 
Mr.  IsBAEL  Knowlbs,  Mining  Engineer,  Pearson  and  Knowlcs  Coal 
and  Iron  Company,  Limited,  Wigan. 

Associate  Mbmbeb — 
Mr.  William  Fletchbb,  Brigham  HUl,  via  Carlisle. 

The  following  were  nominated  for  election : — 

HOKOBABT  MeMBBB — 

HsBB  Bbassbbt,  Chief  Inspector  of  Mines,  Germany, 
vox*  xxxiii.-issa.  ^ 


PROCEEDINGS. 

Associate  Mbmbebs— 

Mr.  D.  Fbbousson,  Harrington  Collieryi  Camberland. 
Mr.  Benjamin  Tyzace,  Preston  Road,  North  Shields. 
Mr.  Fbank  Mubbay  Still,  3,  Qneen  Street,  Cheapside,  London. 
Mr.  Chables  Fbedebice  Wobmald,  Cement  Manufacturer,  Cross 
House,  Corbridge. 

Students — 

Mr.  Benjamin  McLaren,  Bedlingtou,  Northumberland. 
Mr.  William  Hat,  Jun.,  Nostell  Colliery,  Wakefield. 


Mr.  Henuy  Lawrence  read  the  following  paper  on  ''The  Danger  of 
Sparks  produced  from  Prickers  and  Stemmers  nsed  for  Blasting  purposes 
in  Coal  Mines,  and  Sparks  otherwise  produced :" — 


'   SPARKS   FROM   PRICKERa   AND   STEMMERS. 


THE  DANGER  OF  SPARKS  PRODUCKD  PItOM  PRICKERS  AND 
STEMMERa  DSED  FOR  BLASTING  PURPOSES  IN  COAL 
MINES,  AND  SPARKS  OTHERWISE  PRODUCED. 

Br  HKNRY   LAWRENCE. 


I 
I 


H        W01 


Shortly  before  tlie  Mines  Regulation  Act  came  in  force  a  great  demand 
vas  made  npon  brassfoundcrs  to  supplj-  the  copper  prickers  and  stemmerB 
that  were  ordered  to  Buperscde  tlie  iron  ones  then  in  use.  It  waa  generally 
thought  that  a  great  danfjer  would  l>e  remedied  by  this  introductioE,  aa 
every  une  connected  with  blaating  knew  that  a  spark  from  the  iron  rammer 
might  at  any  moment  fire  the  powder  in  the  act  of  ramming  the  charge ; 
the  use  of  copper  instead  of  iron  seemed  to  bring  to  all  a  feeling  of  safety; 
how  many  at  that  time  had  any  idea  that  the  copper  prickers  and  stemmers 
were  very  nearly,  if  not  quite,  as  dangerous  as  the  iron  ones?  About  two 
years  ago  the  writer  received  a  letter  from  the  manager  of  a  large  colliery 
stating  that — "Astoneman  working  iu  a  whin  drift  had  finished  drilling  a 
hole  14  inches  deep,  and  put  in  a  shot  one  inch  diameter  and  five  inches 
long,  and  then  commenced  to  stem  with  black  rolleyway  dirt.  Ho  had 
only  put  in  one  handfiil  of  dirt  and  comment^cd  to  use  the  beater  when 
the  powder  exploded  and  seriously  l>urnt  the  miner."  The  writer  at  once 
proceeded  to  the  colliery  aud  found  that  the  stemmer  in  (inestion  when 
taken  into  a  dark  cabin  and  struc^k  on  the  stone  slah  of  the  fire-place, 
produced  a  spork  at  every  blow.  As  the  stemmer  appeared  to  be  made 
of  brass,  it  was  thought  that  some  brass  turnings  mixed  with  particles 
of  iron  turnings  might  have  been  used  in  its  compi>9ition  and  caused 
the  sparks ;  a  set  was  made  entirely  of  copper,  when  it  was  found  from 
experiments  made  that  it  also  struck  fire  by  impact  with  a  piece  of 
Btone;  ingot  copper  was  tried  with  the  like  result,  the  fire  being  clearly 
visible  in  a  dark  room.  In  case  there  might  be  impurities  in  the  copper 
ingot,  a  copper  bolt  was  tried  with  no  Iwtter  success ;  some  atemmers 
in  progress  of  manufacture  were  also  tried,  and  sparks  were  got  readily  by 
the  same  means.  The  writer  was  forced  to  the  conclusion  that  copper 
wonid,  aud  did,  produce  sparks.     It  transpired  afterwards  that  the  new 


DANGEIt   OF   SPARKS   FROM    TillCKEUS   ANH   STEMMERS. 


copper  stemruer  before  atludcd  to  had  been  tried  in  a  ivhin  drift  and  found 
to  strike  iiro  at  iilraost  every  blow.  Several  other  cases  could  be  mentioneii 
but  it  IB  unnecessary  to  describe  them.  Seta  of  8t*niniers  made  of  cop- 
per, of  the  UBUal  cheap  composition  called  brass  or  phosphor  bronze, 
together  with  a  Iwlt  or  bar  of  cop|jer,  were  produced;  and  if  memlrere 
tried  them  in  a  small  dark  tent  erected  in  the  hall,  they  would  find  that 
all  of  them  prodaced  distinct  sparks  from  almost  every  blow  on  a  piece  of 
grindstone.  Hiivinf;  become  fully  aware  of  the  danger  of  the  instruments 
now  in  use,  the  writer,  in  conjunction  with  his  foremau  brassfounder, 
made  several  trials  and  experiments  to  discover  a  mixture  of  metal  from  , 
which  it  would  be  impossible  to  obtain  a  spark  by  imjiact  with  the 
hardest,  or  in  fact  any,  stone;  and  stemmers  of  this  composition  were 
also  produced,  so  that  members  might  satisfy  themselves  as  to  their 
fulfilling  these  conditions.  For  safety  It  is  suggested  that  every 
pricker  and  stemmer  should  be  tried  in  a  dark  room  in  the  manner 
described  before  being  allowed  to  enter  a  mine.  In  the  last  report  of 
Her  Majesty's  Inspectors  of  Mines,  Mr.  Henry  Hall  states  that; — "  The 
stemming  of  charges  of  gunpowder  with  copper  stemmers  has  again  been 
proved  to  be  attended  with  danger,  sparks  being  easily  produced  from  this 
meta!  strikmg  against  hai'd  substances,  such  as  pyrites,  but  of  course  not 
ao  readily  ae  from  iron  and  steel,  the  use  of  which  is  forbidden.  The 
remedy  appeal's  to  be  iji  the  use  of  wot^deu  stemmers  where  it  is  practic- 
able." If  the  remedy  puiuted  out  by  Mr.  Hall  is  practicable,  by  all  means 
let  it  be  carried  out,  but  the  writer  fears  wooden  stemmers  would  not  stand 
the  hard  usage  they  would  be  subjected  to  in  this  district,  although  he  has 
no  doubt  but  that  a  safe  and  reliable  metal  pricker  and  stemmer  can  be  put 
into  the  hands  of  miners  who  may  be  engaged  in  the  dangerous  pracbioe 
of  blasting. 

The  following  account  of  a  recent  accident  that  has  occurred  in  the 
district  shows  the  great  importance  of  the  question,  and  wonld,  perhapSi 
be  worUi  recording  in  the  Transactions . — 

GuHpowuER  AcciDHM.  -  Ou  Frida;.  a  coal  miner  Tiamnl  Gcnif^  AndertoD,  em- 
plojed  at  Shire  Moor  Coiliorj,  met  with  an  accident  which  it  is  learert  maj  resolt  in  the 
lou  at  one,  if  iint  botli  his  ejrt.  It  M;i>mB  that  Andcrtoii  u'os  etcmming  a  hole  id  wliicli 
bs  liod  iimertcd  iiearl;  a  piinnd  of  powder  iireporatoiy  to  ahuotiiig  down  hia  jod,  w 
the  powder  □tioccouiitablj  exploded,  the  full  force  of  it  striking  him  in  the  fa««  mnd 
foreheul.  He  was,  of  courae,  verj  aeriaUBlj  burnt,  in  additiuii  to  hit  other  injoiict.  i 
Dr.  Alexander,  of  Elaredon,  at  once  rendered  all  the  aaaiatance  the  awoUen  condition  of  I 
the  poor  fellow's  head  would  admit  of,  and  lie  is  prugnssitig  as  well  as  can  be  expected.  1 
It  ia  well  to  add  tliat  the  stemmer  he  waa  uein);  waa  tlie  iiaual  cauitHuite  metal  one,  which  J 
renders  (he  accident  atill  more  inoiliUcablc. 
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With  respect  to  the  seeotid  part  of  thia  paper.  "  Sparks  otherwise 
prodnced,"  the  writer,  huving  pnsaed  seTeral  nights  in  u  coal  mine  in  South 
Wales  tryinfj  a  coroprcBaed  air  locomotive  engine  with  iron  wheels,  found 
that  when  the  engine  sometimea  etnck  with  its  load  on  an  incline,  the 
wheels  slipped  round  with  great  \-elocity  and  threw  oft'  long  Btreams  of 
sparks;  this  was  considered  a  sonrcc  of  danger  in  case  of  an  accumulation 
of  gna  (which  sometimes  occurred  in  this  mine)  and  the  locomotive  was 
condemned  unless  tjres  could  be  found  from  which  it  would  be  impossible 
to  produce  a  spark  when  they  were  slipping  round  on  the  rails.  As  a  number 
of  large  horses  are  used  in  Sonth  Wales  for  hauling  the  heavy  trams  from  the 
face  to  the  main  roads,  the  wi'iter  considered  there  was  a  lai^e  margin  of 
saving  in  favour  of  haulage  by  locomotives  if  the  spark  ((uestion  conld  be 
satisfactorily  settled,  and  he  therefore  made  a  scries  of  trials  with  tyres 
composed  of  various  mixtures  of  metal.  A  locomotive  was  packed  up  bo 
that  the  wheels  were  free  to  revolve,  and  an  iron  rail  was  placed  nnder  one 
wheel  in  the  form  of  a  lever  and  weighted  so  as  to  take  a  great  portion  of 
the  weight  of  the  locomotive;  the  engine  was  then  started  and  run  at  a 
high  velocity.  Copper  tyres  gave  ontlongstreiimsof  sparks  almost  as  bad 
as  iron,  and  instead  of  t!ie  iron  rail  cutting  away  the  tyre,  as  was  ex]>ected, 
the  copper  tyre  made  a  slight  indentation  on  the  ii'on  rail.  This  was 
probably  caosed  by  the  high  speed  of  the  tyres.  Other  mixtures  of  various 
white  metals  were  fonnd  too  soft,  and  were  rapidly  worn  away  by  small  frag- 
ments flying  off.  At  last  a  mixture  of  metal  was  fixed  upon  from  which 
the  sparkless  prickers  and  stemmers  are  now  made.  These  tyres  produced 
no  sparks,  and  the  writer  expects  he  has  found  a  mixture  of  metal  that 
will  wear  suttieicntly  long  to  enable  them  to  be  economically  and  safi-ly 
nsed  on  air  locomotives  in  fiery  mines.  The  writer  has  asked  several 
mining  engineers  if  sparks  wotdd  ignite  gas  in  a  mine,  and  has  received 
"  yes"  and  "no"  in  reply,  and  after  calling  attention  to  the  old  method 
of  using  flint  and  steel,  has  been  told  that  cases  of  explosion  have  been 
known,  or  supposed,  to  have  occurred  Irom  their  use.  He  has  seen  sparks 
produced  in  mines  from  the  shoes  of  horses  and  ponies  in  striking  the 
rails;  also  from  the  iron  tips  on  the  miners'  shoes,  and  has  been  told  that 
sparks  are  sometimes  produced  by  the  blow  of  the  miner's  pick.  A  gentle- 
man who  owns  some  large  wood-working  machinery  informed  him  that  ha 
had  a  large  room  in  which  a  number  of  saw-shar)»ning  machines  were  at 
work  which  produced  krge  volumes  of  sparks  when  tlie  emery  wheels  were 
in  contact  with  the  saws.  Thia  room  was  lighted  with  gas,  which  sume- 
times  escaped,  and  thinking  this  dangerous,  he  tried  in  various  ways  to 
ignite  gas  elsewhere  with  si>arks  but  did  not  succeed,  and  he  then  come 
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to  the  conclusion  that  it  was  impi.iasible  so  t-j  set  fire  to  it.  For  Homc 
conBidcrable  lime  the  writer  wus  nnder  the  some  im]iresnion,  bat  he  has 
flint*  found  that  he  could  ignite  gas  from  a  burner  with  eparks  from  a 
piece  of  flint  and  steel,  Btruck  over  it.  Again ;  he  also  found  that  if  the 
gas-bnrnpr,  srith  the  gas  turned  on,  is  placed  near  un  emeiy  whwl  placed 
in  a  lathe  running  at  about  12t)  revolutions  per  minute  with  a  St«cl  tool 
against  it,  giving  out  a  stream  of  sparks,  the  ;;as  ia  easily  ignited  at  the 
Bpol  where  the  sparks  arc  the  hottest;  but  it  is  net^easaiy  that  the  brightest 
and  hottest  Binrks  should  come  near  thcendoflhe  burner  trhenoe  the  gaa 
is  issuing,  just  as  a  heated  poker  must  be  of  atolenibly  light  red  heat  and 
placed  near  the  burner,  before  it  will  bght  gas. 

The  writer  is  aware  that  the  gas  with  which  he  baa  eipcrimented  is 
different  to  iliat  which  the  mining  engineer  has  to  contend  wltii,  but  hopes 
in  the  discussioti  the  fullo>ving  t|uestioDS  niil  he  satisfactorily  answered: — 

Are  sparks  dungciMUs  in  coal  minus?  If  bo,  tu  what  extent,  and  wUI 
they  ignite  the  explosive  gas  found  therein  r 


The  SBCRETAttY  read  tbe  loilowing  communication  received  from 
Mr.  Sawyer,  Assistant  Inspector  of  Mines : — 

A  small  cjuantitj  of  ga«,  Ibc  pruwure  ot  uhicli  H-a«  not  known  niitil  it  ignited,  ww 
fired  by  %  ipnrk  fmni  the  pick  of  s  (ireinaii  who  wa«  ripping  don-n  goino  liard  piece  of 
roof  near  ■  small  pot  ■hole,  at  the  (ircat  Fenton  Colliery  tbia  J«ar. 

I  made  mrofnl  enquiries  u  to  Ihe  pircuinitMlceB  of  the  ca«e,  and  am  full;  ntiafled 
that  nhat  he  itated  it  cnrrect.  He  wae  not  toachvd  bj  the  flame,  wbicb  was  mi^l; 
and  li«d  he  igniled  it  in  anj  other  way  be  would  not  have  reported  it. 

I  bave,  on  several  ocuwioiM,  H?en  sparka  fl.r  off  from  tlie  men's  picks  when  at  irork, 
which  were  very  white  in  appcaraticej  and  1  vainiot  ]>elp  thinking  would  have  ignited 
gaa  had  an;  been  present 

This  rfiowB  bow  ncccssar;  it  is  to  completel.v  roniovp  niiy  Hcciunulntioii  of  gas,  and 
to  keep  the  pit  conetantlj  free  trom  it. 

Professor  HERacuEL  said,  the  actual  results  of  the  airefnl  and 
abundant  observations  of  Mr.  Lawrence  bad  been  quite  contrary  to  all  he 
had  gathered  from  experinieiitB  made  ou  a  small  sade  for  hie  own  informa- 
tion. The  very  severe  blows  aud  trials  these  metals  had  been  subjected 
to  by  Mr.  I.nwrenc*  were  far  beyond  the  reach  of  small  ouperimeDtets, 
and  most  clearly  demonstrated  that  the  igniting  pro[ierticH  of  all  metals  that 
could  bo  named,  under  circumatjinccB  of  mine  work,  rendered  them  serioua 
BourceH  of  danger.  Ho  suggested  that  the  material  which  Mr.  Lawrence 
had  had  the  good  fortune  to  discover  should  be  used  also  for  tbe  mana- 
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fiiottire  of  tools  as  well  ns  of  steniTnera.  They  mi>rht  now,  lie  thought, 
almost  look  ii[H)[i  this  aa  the  bronze  u^;  ufLcr  rcac!hiTig,  na  thej  siippoeed, 
the  ptirfectiou  of  the  iron  age,  they  now  foiuid  a  better  age  before  them. 
He  hoped  Mr.  Lawrence's  metal  might  be  found  so  sernceable  as  to  come 
into  general  use. 

Mr.  Lawrence  said,  sparks  were  given  off  phosphor-bronze  quite  as 
readily  as  off  copp^T. 

Mr.  Via.  Bpencbr  said,  about  twenty  years  ago  an  explosion  took  place 
in  Cleveland  which  was  supposed  to  have  beeu  caused  by  the  iguition  of 
the  powder  by  the  iron  stemmer.  He  had  tools  made ;  one  of  steel,  one 
of  iron,  and  one  of  copper,  and,  with  the  manager,  tried  them  to  a 
considerable  extent.  A  small  qoautity  of  powder  was  put  on  a  table 
below,  Mid  sparks  were  produced  from  the  three  different  tools.  He 
could  quite  corroborate  what  Mr.  Lawrence  had  said,  bat  he  might  add 
that  copper  was  much  safer  than  iron  or  steel.  Although  copper  was 
not  absolutely  safe,  the  experiments  proved  it  was  a  great  protection  and 
safeguard. 

Mr.  W.  Cochrane  asked  Mr.  Lawrence  what  was  the  relative  degree 
of  hardneaa  of  his  metal,  and  whether  it  was  contemplated  using  it  for 
any  other  purpose  than  stemmers  ? 

Mr.  Ste&venson  said  the  question  asked  by  Mr.  Lawrence,  "Are 
sparks  dangerous  in  coal  mines?"  seemed  to  him  to  be  worth  most  serious 
consideration.  It  depended  very  much  upon  circumBtunceB — of  what  did 
sparks  confiiat?  They  coiiHisted  of  small  particles  strack  off  the  muterials 
in  contact  with  such  force  as  to  raise  them  to  a  white  heat.  If  the  8]mrk 
was  of  such  a  character  as  to  gi^'e  out  enrGeicnt  heat,  it  would  cause  an 
:plo8i on,  otherwise  it  would  not  lie  daugereus;  for  although  some  ex- 
plosions were  attributed  to  the  sparks  issuing  frum  the  old  flint  and 
jIniU,  yet  that  system  of  lighting  had  been  largely  used  without 
Bccidents.  He  thought  the  value  of  a  safe  atemmcr  was  of  more 
[tance  in  connection  with  the  use  of  powder  than  in  respect  of  gas. 
In  the  Cleveland  district  a  large  quantity  of  blasting  puwder  was  used. 
Thive-quarters  of  a  ton  of  powder  a  day  was  osed  in  Bell  Brothers' 
mines,  and  that  large  quantity  had  to  be  put  into  holes  aud  stemmed  in 
four-ounce  "tots;"  and,  althougli  accidents  had  been  numerous,  he  had 
been  surprised  that  they  had  not  been  more  bo  under  the  circumstances  in 
which  the  men  had  been  working.  If  Mr.  Lawrence  had  found  a  material 
which  would  give  absolute  safety,  he  deserved  the  thanks  of  every  one 
present.    He  had  examined  the  new  stemmers  produced,  and  they  appeared 
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to  be  made  of  an  exceedingly  soft  metal,  which  wae  peihaps  the  reason  of  its 
iiiureaaed  safety,  and  which  approximated  more  nearly  to  the  hai-dness  of 
wood  than  any  of  the  other  Btenimera  on  the  table;  if  they  tried  it  with  a 
knife  they  would  find  it  was  easily  indented.  Ilad  Mr.  Lawrence  ever 
tried  it  against  emery  in  a  lathe  ?  He  had  invited  Mr.  Toyn,  the 
President  of  the  Cleveland  Miners'  Asaooiation,  to  be  present,  and  would 
like  to  hear  what  that  gentleman  had  to  say  on  the  subject. 

Mr,  Toyn  said,  that  as  the  (|uc8tion  of  stemmera  was  to  be  bron^t 
before  the  meeting,  Mr.  Steavenstm  had  kindly  invited  him  to  attend. 
He  thought  that  great  credit  waa  duo  to  Mr.  Lawrence  if  he  had  diu- 
covered  u  material  whith  could  be  made  into  stemmera  which  would  not 
create  a  spark.  He  could  quite  undcrBtaud  that  gentlemen  who  laboored 
in  colliery  districts,  more  especially  where  they  had  to  contend  with 
gas  in  mines,  would  be  desirous  to  have  every  material  of  the  safest  and 
best  kind.  Although  there  was  not  so  much  gas  in  the  Cleveland  mines, 
yet  the  men  were  continually  handling  gimpowder.  From  1,300  to  1,300 
kina  of  Ijlasting  powder  was  used  in  the  Cleveland  district  every  year; 
it  was  charged  in  holes  to  tlie  extent  of  \  lb.  to  2^  lbs.  There  had  been 
several  very  serions  cases  where  men  had  l)ecn  shot,  and  they  tried  to 
trace  out  the  cause,  which  it  was  difficult  to  do  in  many  cases.  In  one  of 
Bell  Brothers'  minea  at  Carlinhow,  a  few  weeks  ago,  a  man  was  charging 
a  hole  in  the  ordinary  way,  without  using  any  force;  he  just  pnt  in  the 
powder,  and  threw  in  dirt  with  one  hand,  and  was  stemming  it  carefnlly 
down  svith  the  other,  when  it  erploded.  The  man  was  injured,  hut  had 
since  recovered.  They  were  anxious  to  find  out  the  cause  of  that  ex- 
plosion, whether  it  was  the  powder  or  whether  it  was  the  stemmer.  The 
powder  was  sent  to  a  public  analyist,  who  analysed  it,  and  declared  it 
was  very  safe.  Bell  Brothers,  he  believed,  were  having  the  stemmer 
tested,  to  find  out  whether  there  was  anything  more  dangerous  in  it 
than  common.  He  bad  bad  coiisiderab'e  correspondence  with  C-ulouel 
Majendie  on  this  question,  and  that  gentleman  had  sent  him  a  pamphlet 
containing  a  scries  of  experiments  with  copiter,  phosphor-bronze,  and 
dilFercnt  kinds  of  material,  and  the  experiments  showed  that  phosphor- 
bronze  was  the  safest  material  to  use.  Number  7  or  8  hard  phosphor- 
bronze  in  experiments  on  a  wheel  of  free  grit  stone,  turning  at  something 
like  1,200  revolutions  per  minute,  gave  off  only  one  spark.  They  met 
the  Cleveland  mine  owners  and  asked  them  to  take  into  consideration  the 
using  of  phosphor-bronze,  and  some  of  them  had,  he  believed,  ordered 
Bets  of  gear  to  make  a  trial.     If  Mr.  Lawrence  had  discovered  a  material 
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even  safer  thiio  the  hard  pliosphor-broiize,  it  would  be  one  of  the  beat 
thingg  ever  heard  of;  but  the  material  intiBt  be  durable,  far  it  would  have 
to  be  pat  to  a  great  test,  e8i>ecially  in  the  Cleveldiid  mines  where  the 
stemming  was  hard  and  the  holes  fre<iucntly  4  feet  deep:  it  mast  aiao  be 
a  material  that  conld  be  easily  R-paired.  The  Cleveland  mine  owners 
had  aaid  that  cost  was  no  matter  if  a  material  conid  be  obtained  that 
was  safe.  He,  ag  repreaenting  the  miners  in  thf  Cleveland  district, 
thanked  Mr.  Lawrence  for  his  distuivery,  and  hoped  the  material  would  be 
used  throughout  the  mining  districta. 

The  PRKsrHBST  asked  if  the  material  was  a  custing,  and,  if  broken, 
whether  it  wonid  be  of  any  nee  or  wuuli!  have  to  be  re-nioUed  ?  Was  the 
composition  of  it  a  secret  ? 

Mr.  Steavbssos  said,  one  cause  of  danger  in  stemming  the  three- 
cornered  holes  nsnally  made  in  Cleveland  ia  that  after  the  iwwder  and  the 
hny  plug  are  put  in,  there  is  a  considerable  quantity  of  powder  left  on 
the  bottom  of  the  hole  when  the  stemming  is  commenced,  and  this 
formed  a  train  which,  when  ignited  by  a  spark,  fired  the  charge.  If  the 
men,  after  putting  in  the  hay  plug,  examined  tiie  hole  and  drew  out  all  the 
looee  lewder  it  would  contribute  much  to  tlieir  safety, 

Mr.  Bird  said,  it  was  u  notorious  fact  that  sparks  could  be  produced 
otherwise  than  by  contact  between  metal  and  stone.  They  could  bo 
produced  by  contact  between  stone  and  stone.  If  powder  was  being 
nimmeil  down  homo  and  stones  n'cre  violently  disturbed  by  the  irn[<act  of 
the  stemrner,  the  particles  of  stone  were  brought  into  contact  with  each 
other,  and  sparks  could  be  produced  in  that  way. 

Mr,  liAWBBKCK  said,  the  first  question  asked  by  Mr.  Cochrane  was 
as  to  the  hardness  of  the  material;  he  also  asked  whether  Professor 
Berschel  was  right  in  imngiuing  that  the  material  was  intenJed  for 
tools  other  than  stemmers.  The  material  was  not  intended,  so  far  as  he 
was  conoemed,  to  make  anything  in  the  Bha[>c  of  miners'  tools  excepting 
])rickers  and  stemmers.  There  would,  of  course,  bo  many  other  uses  fur 
it  in  gunpowder  faetories.  The  material  was  not  quite,  but  very  nearly, 
as  hard  as  copper ;  there  was  not  so  much  difference  as  might  be  inferred 
from  Mr.  Stcavenaon's  remarks.  Mr,  Stcaveuson  had  asked  whether  he  had 
ever  tried  the  material  on  an  emery  wheel.  He  had  tried  a  small  disc  iti 
the  lathe,  in  the  same  way  that  they  tested  the  other  disc;  but  the  greatest 
test  was  on  the  locomotive  wheels.  The  tyres  were  made  and  jjut  on, 
and  the  engine  was  run  at  perhajjs  S(K)  or  400  revolutions  a  minute,  and 
not  a  single  spark  was  given  out,  whereas  a  bug  stream  of  s^iarks  was 
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given  off  by  the  copper  tyi-es.  The  President  had  asked  whether  the 
Btemmers  were  caHtiiige.  They  could  bo  easUy  cast  in  moulds.  Tliey 
were  at  present  tsiet  in  Band  in  tlie  ordiniiry  way.  The  material  wns  such 
that  the  amalgamation  or  constnietion  of  the  metal  would  not  \>e  altered  , 
by  re-melting.  He  did  not  know  that  it  would  be  possible,  as  Mr.  Toyn 
Bu^ested,  that  tlie  steuiiuers  could  be  mended.  They  could  draw  ont 
copper  prickers  by  fire;  but  oi-diuary  composition  stemmere,  generally 
speaking,  could  not  be  mended  by  drawing  them.  He  imagined  thie 
material  would  draw  out,  although  he  had  not  tested  it;  but  it  could 
be  put  into  the  fire,  burnt  together,  and  repaired  the  same  as  copper. 
He  could  easily  imagine  that  sparks  could  be  ]irodiic«d  as  Mi'.  Bird  sng- 
gestod,  but  he  certainly  had  l)een  astonished  at  the  ignition  of  gas  by 
Buch  sparks  and  by  those  Irom  a  8iut  and  steel ;  in  fact  he  must  sar  it 
was  n  surprise  to  him  to  sec  an  ordinary  street-lamp  lighted  with  a  red- 
hot  jwker.  If  instead  of  using  the  flint  and  steei,  an  old  file  and  a  piece 
of  flint  stone  wci-e  used,  and  the  gas  liiirner  held  to  them  with  the  gas 
tamed  on,  the  sparks  readily  ignited  the  gas.  He  tried  this  BCTerat 
times,  and  succeeded  quite  easily  when  he  got  into  tbe  knack  of  doing  it. 
When  a  wooden  box  was  put  over  the  emery  wheels  and  a  piece  of  ateel 
inserted,  with  a  gaa-pi]>c  plac^Kl  in  one  end  of  the  box  at  some  distance 
from  the  sparks,  the  gas  was  not  ignited;  but  when  tbe  gas-pipe  was  pnt 
immediately  underneiith  the  emery  wheel,  so  that  the  sparks  ran  dinxit 
into  the  gas-pipe  orifice,  the  gas  was  lighted  as  easily  as  with  a  piece  of 
lighted  paper. 

The  President  asked  whether  any  of  these  prickers  and  stemmei'S 
had  been  tried  in  ironstone  mines,  or  only  in  coal  mines, 

Mr.  Lawhrn(;k  said  they  had  not  been  tried  in  ii-oustone  mines,  neither   , 
hud  they  been  tried  very  miic>i  in  coal  mines.     He  sent  a  set  to  a  gen- 
tleman who  stutt-d  that  he  had  tried  them  in  every  way  and  could  not 
gel  any  spark,  even  when  put  to  all  the  severe  tests  possible.     So  far,  he 
was  satisfied  it  was  impossible  to  get  a  s^jark,  unless  it  was  produced  with 
stone  against  stone,  which  was  very  different  from  the  ordinary  liar  of   ' 
copper  or  phosphor-bronze,  which,  when  strnck  in  a  dark  cabin,  would    | 
prwlucc  sparks  at  e\ery  blow. 

Mr.  J  G.  Wekks  said,  they  would  almost  imagine  frara  the  concluding 
remarks  of  Mr.  Lanrencc,  that  the  use  of  copper  was  highly  dangerous. 
The  very  contrary  was  fonud  in  practice.  He  had  ?,fn)  men  working  in 
a  pit,  and  4»0  shots  were  fired  in  that  pit  every  day,  100  stone  ehota  (blue 
metal  and  post  girdles),  and  800  coal  shots;  copper  had  bc^en  used  for 
the  last  ten  ycni-s,  and  in  all  that  time  only  one  man  had  l>ccn  burnt. 
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In  this  case  hu  bad  the  hule  cut  ivitli  a  snw.  and  fuuudu  piece  uf  iron 
pyrites  on  one  side  of  it  in  which  the  powder  had  ignited;  Imt  whether  it 
was  the  copper  beater  agniiiat  the  pyrites,  ur  two  pieces  of  pyrites  which 
caoeed  the  accident,  Le  wae  unitble  to  determine,  lie  was  inclined  to 
think  with  Mr.  Bird,  it  was  the  pieces  of  pyrites  in  the  hole  being  brought 
into  contact  with  each  other  by  the  beater,  wliicli  caused  tiie  man  to  be 
burnt,  if  the  workman  was  really  "Btemming"  and  not  "unrninming" 
the  shot,  which  conld  not  be  satisfactorily  established  at  the  time  of  it« 
occurrence;  so  that,  after  his  experience,  he  felt  there  was  very  little 
<langer  in  continuing  to  ose  copper  beaters  and  prickers.  lie  had  experi- 
mented with  Muntz*s  metal,  and  found  it  gave  sparks  frc;;Iy;  but  he 
found  copper  did  not  emit  sparks  nearly  so  readily. 

The  President  said,  the  reason  he  asked  whether  these  st«raiDers 

%  castings  or  could  be  drawn,  was  that  it  was  the  groat  disadvantage  of 
ordinary  castings  of  bronze  or  brass  that,  when  broken,  the  stemmer 
was  of  no  farther  use.  For  that  reason,  after  having  tried  many  ex- 
periments, they  adopted  Jfuntz's  metal  in  1H72,  as  being  much  the 
same  as  copiwr;  and  it  had  been  used  since.  He  did  not  think  any 
Accident  had  occmTcd.  They  had  not  these  things  ready  when  the  Act 
came  into  operation,  and  wood  was  used  for  a  time  and  found  useful. 
He  did  not  know  whether  it  would  not  I>e  weil  to  use  wood  stemmers  in 
coal  mines.  As  to  firing  gas,  they  knew  that  sparks  would  fire  gas. 
The  old  steel  mill  was  not  safe,  and  did  fire  gas.  Their  forefathers 
tliought  that  picka  gave  off  sparks.  In  the  explorations  after  the  great 
explosion  at  the  Felling,  it  ivas  necessary  to  drive  a  wall  wliere  some 
gas  bad  accumulated,  and  that  wall  was  driven  by  wnoden  pifks,  which 
abowed  they  were  afraid  of  using  iron  or  steel  picks  at  that  time.  He 
moved  a  vote  of  thanks  to  Mr.  Lawrence  for  the  paper. 

Mr.  John  Marley  seconded  the  vote  of  thanks  and  suggested  that 
Mr.  Ijawrence  should  present  one  or  two  sets  of  prickers  and  stemmers  to 
Mr.  Steavenson  for  trial  in  the  Cleveland  mines. 

Mr,  IjAWhencb  thanked  them  for  the  vote.  He  was  sure  that  his 
Company  would  he  very  pleased  to  send  two  or  three  sets  of  prickers 
Bnd  stemmers  to  Mr.  Steavenson  fur  trial,  if  Mr.  Steavenson  would 
let  him  know  the  size  of  the  ones  he  used.  He  thought  in  the 
Cleveland  mines,  they  put  the  powder  in  a  sort  of  copper  tnl«,  with  a 
piston  in  it,  wliich  was  put  to  the  back  of  the  hole,  and  the  powder 
pressed  forward  by  the  piston  in  the  tube.  That  seemed  to  him  to  be 
a  good  systein,  because  it  prevented  the  loose  powder  being  in  any 
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part  of  the  hole  except  the  back  part.  As  to  wooden  Btemmers,  they 
might  be  made  of  some  very  hard  wood,  such  as  he  had  seen  in 
Australia,  called  iron  wood;  but  even  then  they  would  not  stand  very 
many  blows  before  they  were  split  up,  although  they  would  be  tolerably 
cheap. 

Mr.  Steavenson  said,  the  charging  tubes  Mr.  Lawrence  referred  to 
could  only  be  used  in  round  holes.  In  Cleveland  the  holes  were  three- 
cornei'ed;  and  of  those  driven  by  hand  not  one  in  a  hundred  was  true. 


The  Secretary  read  the  following  paper  by  Mr.  Frank  Murray  Still, 
on  "Mining  Coal  by  Compressed  Lime:" — 


UINIXO    rOAL    BY   GOMHIKSSER    I 


ON  MINING  COAL  BY  COMPRESSED  LIME. 


FItANK   MURHAY   STILL. 


Ill  brii^'iig  ihia  method  of  coal-getting  before  the  members  of  the 
loBtitntfi,  the  writer  will  preface  his  remarka  by  Btating  that  it  is  a 
system  of  mining  coal  patented  by  McBRm.  tfcbnatiaii  Hmitb  aail  Moore 
of  the  Shipley  Collierie?,  near  Derby. 

The  syBtem  has  for  its  objects  t  firatly,  to  take  the  place  of  blasting 
by  giuipowder  or  other  exploaive-s,  thereby  giving  absolute  immunity  from 
all  risk  of  accidents  cauBcd  by  the  ignition  of  gas  by  a  shor,  and  aleo  by 
Buperaeding  the  arduous  process  of  breaking  down  the  coal  by  wedges,  to 
provide  the  collier  with  a  system  of  coal-getting  which  will  enable  him  to 
avoid  the  niunerous,  and  in  many  casca  fatal,  accidents  which  ao  constantly 
occur  from  falls  of  coal  and  roof  while  he  is  working  at  the  face ;  secondly, 
to  enable  tlie  coal  owner  to  obtain  a  greatly  increased  percentage  of  large 
coal  from  a  given  area ;  and,  thirdly,  to  diminish  in  a  great  measure  the 
laborious  work  of  the  collier,  where  wedging  is  practised. 

The  prescTit  mode  of  ojwrating  is  to  employ  nearly  pure  carbonate  of 
lime.  The  stone  at  present  used,  similar  to  tbut  of  Whitburn,  contnins 
1I8'40  per  cent,  of  carbonate,  and  after  Iwing  carefully  calcined  is  ground 
to  a  fine  powder.  This  is  TOiidiicted  to  a  hydraulic  press,  specially 
designed  and  patented,  having  a  die  2^  inches  in  diameter  and  7  iuches 
deep.  A  prcEsnre  of  40  tona  is  applied  simnltaneonsly  to  both  ends  of 
the  Cdlmnu  of  ground  lime,  which  reduces  it  from  T  inches  to  4J  inches 
in  length,  thus  nearly  doubling  its  density.  A  projection  in  the  die 
forms  a  groove  on  the  side  of  the  cartridge  abont  half-au-inch  in  dia- 
meter. These  blocks  or  cartridges  arc  immediately  packed  into  specially 
constructed  air-tight  boxes,  and  are  then  ready  to  l)e  conveyed  to  the 
mine  for  use. 

The  shot  boles  are  first  drilled  by  means  of  a  liglit  l>oring  machine, 
and  an  iron  tube  a'Kint  hnlf-nn-inch  in  dianietiT,  having  a  small  external 
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channel  or  groove  on  the  upper  ride,  and  provided  also  with  perrorations, 
is  then  inEerted  along  the  whole  length  of  the  borehole.  This  tube  is 
enclosed  in  abugof  calico,  which  covers  the  perforations  and  one  end,  and 
has  ft  tap  fitted  on  the  other  end.  The  cartridges  are  then  inserted  and 
lightly  nimincd  so  as  to  ensure  their  filling  the  borehole. 

After  the  cartridges  have  been  enclosed  by  tamping,  in  the  same  way 
as  with  gunpowder,  a  small  force  pamp  is  connected  (vith  the  tjip  at  the 
end  of  the  Mil*  by  means  of  a  short  flexible  pijie.  and  a  quantity  of  water, 
equal  in  bulk  to  the  quantity  of  lime  used,  is  force*!  in.  The  water,  being 
driven  t*  the  far  end  of  the  shot  hole  through  the  tube,  cseai.«s  along 
the  groove  and  ihrongh  the  perforations  and  tlie  calico,  flowing  towards 
the  tamping  into  the  lime,  saturating  the  whole  of  the  charge,  and  driving 
out  the  air  before  it.  The  tup  is  then  closed  si  as  to  prcx'ent  ihe  escape 
of  the  steam  generated  by  the  action  of  the  water  on  the  lime,  and  the 
flexible  pipe  attached  to  the  i)iimp  is  disconnected. 

Experience  has  shown  that  after  introducing  the  water  there  is  always 
on  intenal  before  the  st«am  attains  a  high  pressure,  so  that  all  danger  can 
Ik  avoided. 

The  action  of  the  steam  first  takes  place,  cracking  the  coal  away  from 
the  roof,  and  this  is  folloned  by  the  expansive  force  of  the  lime. 

The  blocks,  when  sliiked  in  an  nnconfincd  space,  will  occupy  about 
five  times  tiieir  original  bulk. 

It  hss  been  stated  that  the  heat  produced  by  the  slaking  of  the 
cartridges  is  sutficieut  to  ignite  paper  sliould  it  be  rammed  into  the  hole, 
that  it  often  charred  the  coal  itself,  and  that  the  heat  was  suflScient  to 
ignite  gus.  As  to  all  these  points,  important  as  they  assuredly  are.  Sir 
Frederick  Abel,  one  of  the  Royal  Oommissionera  on  Accidents  in  Mines, 
has,  after  experiment,  expressed  himself  as  satisfied  that  this  is  imimeaible, 
and  in  reference  to  the  ignition  of  gas,  it  has  lieen  found  that  the 
maximum  heat  produced  by  the  slaking  of  the  lime  is  7U0  degrees, 
whereas  it  requires  a  temperature  of  a,Oi)0  degrees  to  ignite  gas. 

The  Bprags  are  lelt  in  under  the  coal  so  as  to  allow  the  force  to  exert 
itself  as  far  Imck  as  jxissible,  and  in  many  instances  the  coal  is  forced  off 
and  falls  for  a  distance  of  several  inches  behind  the  end  of  the  drilled  holes. 
In  some  minutes,  varying  according  to  the  hardness  of  the  seam,  on  the 
removal  of  the  sprags,  the  coal  falls  clean  from  the  roof  in  large  pieces 
ready  for  loading,  making  little  small.  The  collier  can,  if  convenient, 
remove  two  or  thi'ec  sprngs  at  a  time,  and  let  down  as  much  as  he  reqnitw 
for  loading,  leaving  the  rest  to  remain  sprtigged  till  wanted.  In  places 
with  bad  roofs  this  is  of  course  specially  advantageous. 
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The  following  are  among  the  principal  advantages  claimed  fur  the 
system: — 

Absolute  immunity  from  explosion  from  gas,  there  being  no  fire  or 

flame. 
There  is  no  smoke. 
The  roof  is  not  shaken.    No  vacuum  is  created  as  is  the  case  with  a 

blown  out  shot. 
Skilled  labour  is  unnecessary,  and  the  coal  can  be  got  with  much  less 

exertion  to  the  collier  than  by  hand  wedging. 

The  following  statement  of  the  comparative  working  of  two  stalls 
adjoining  one  another,  is  given  as  a  fair  average  specimen  of  the  economy 
of  labour  and  the  increased  output  of  large  coal  resulting  from  the  use  of 
this  process,  not  only  at  the  Shipley  Collieries,  but  in  many  other  districts. 

COMPARATIVE  RESULT  OP  LIME  PATENT  AND  WEDGING 

AT  SHIPLEY  COLLIERIES. 


Date. 

Hand  Wsdoing. 

No.  2  Stall. 
WooDsiDB  Pits. 

LxMs  Patent. 

No.  1. Stall, 

WoomiDB  Pits. 

Hours  of 
Labour. 

Tons  got 

Hours  of 
Labour. 

Tons  got. 

Week  ending  Jan.  25, 1882 

Week  ending  Feb.  1, 1882 

Week  ending  Feb.  8, 1882 

96} 
100 
123 

225 
178 
225 

68 
71 
90 

274 
236 
258 

319f 

628 

219 

768 

140  tons  more  coal  were  thus  got  with  100  hours  less  labour  by  the  use 
of  the  Lime  piocess. 

Thus  far,  the  writer  has  alluded  principally  to  the  commercial  value 
of  this  method  of  coal-getting,  and  the  profit  to  all  concerned  resulting 
therefrom;  but  it  is  the  chief  merit  of  the  process,  and  certainly  the 
claim,  which  of  all  others,  its  inventors  put  forward  with  the  greatest 
pride  (a  claim  recognised  by  the  various  Government  Inspectoi'S  and  those 
responsible  for  the  lives  of  miners)  that  it  enables  the  collier  to  carry  on 
his  work  with  much  less  danger  than  now. 

Mr.  Laverick,  the  manager  of  the  Rainton  Collieries,  belonging  to  the 
Marquis  of  Londonderry,  will  be  happy  to  show  the  mode  of  working 
with  the  lime  to  any  of  the  members  of  the  Institute. 


It] 
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Mr.  Stii.i.,  Ill  BiippIemetiHtHr  ilic  paper,  saH,  that  lately  experiments 
had  lieen  icBcie  at  the  Sliipley  CwHicries  in  ripping  the  roof;  and  hnd  been 
attended  with  great  sueceaa.  They  did  not  tliink  llie  lime  had  sufficient  ■ 
Btrength  to  get  the  stone,  which  was  very  hard ;  but  they  found  the 
experiment  was  sunceesrul.  He  would  be  glad  tu  answer  any  farther 
qucBtione  that  might  bo  asked. 

Mr.  J.  U.  Wekks  Enid,  that  about  this  time  last  year  lime  cartridge* 
were  trial  iit  Bedlingtoa  colliery.      Tliey  were  tried  in  long-wall,  and  I 
board  and  wall,  and  then  in  the  bottom  stone  of  the  yard  acam.    Many  I 
viewers  of  North unilwi land  were  present,  and  none  of  them  thought  the 
lime  suitable  to  work  either  Iking-wall  or  bjord  iind  wall,  so  far  as  that    I 
particular  scum  was  eonoenied.    The  time  occupied  in  bi-enkiiig  down  the 
Coal  was  very  great,  and  the  time  the  hewers  were  underground  was  too  I 
short  to  allow  them  to  go  into  nnuther  board  for  half  or  three-qnarters  of  I 
an  hour  while  the  lime  was  operating;  besides  l!ie  eoat  of  it  waa  about 
three  times  the  cost  of  jwwder,  so  far  as  they  had  tried  it.     As  to  making  ] 
less  amall,  his  experiments  were  not  as  accurate  as  he  would  liked  to  have  1 
had  them;  Ulit  rather  more  small  coals  were  made  with  lime  than  with  | 
powder.     He  stated  this  with  a  certjiin  amount  of  resen-ation,  because  he  1 
would  have  liked  to  have  had  a  longer  experiment  to  s^wak  definitely.  | 
They  tried  lime  on  the  bottom  stone,  and  there  were,  he  thought,  the  i 
elements  of  sm^ccss  in  it;  ami  it  waa  his  intention  to  try  iiiue  ngaia  I 
to  see  if  he  could  not  loosen  the  bottom  etonc  to  make  it  easiE 
the  men  to  hew  out.     That  was  whore  he  expected  lime  would  be  of  the  I 
greatest  use.     The  seam  he  was  speid^ing  of  wa^  hard,  and  where  they  J 
were  allowed  to  use  powder,  having  no  gas. 

Mr.  RicHABD  FoRSTKit  Said  he  did  not  know  but  that  the  limel 
process  might  in  some  instances  be  eminently  Guccessfnl;  but  he  woold  J 
like  some  inlbrm^ition  na  to  whether  it  was  claimed  for  this  process  tha^.1 
under  all  conditions,  it  was  aWiliitely  succcssfnl  in  getting  coal  down^.! 
The  writer  stated  that  "in  many  instances  the  coal  is  forced  off,  and  feSkm 
for  a  distance  of  several  inulies  beyond  the  end  of  the  drilled  holes."  Did 
that  follow  when  there  was  no  nicking  and  kirving  made?  J 
immunity  fixnn  danger,  his  experience  told  him  that  if  this  prucera  watl 
put  into  the  hands  of  unskilled  men  there  would  be  more  accidents  than  I 
ui  the  using  of  pow<lcr.  There  might  be  no  smoke,  but  he  was  nofcj 
Batiaficd,  iie  spoke  with  reserve,  that  the  sinell  arising  from  it  wouldj 
not,  in  some  instances,  be  more  objectioualjle  than  smoke  iteelf.  He  ai 
whether,  in  all  the  nistuncea  in  which  the  lime  was  tried  in  Durham,  ifefl 
had  removed  nil  the  u«d  «ifeei;dly  prupiircd  by  kirving  iiud  nicking? 
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Mr.  Wkeks  said,  at  Btdliiigtiin  Ihe  lime  did  not  remove  thu  coal  for 
Bcveral  inches  behind  the  holes,  bttt  the  reveree;  tliree  to  five  inches  of 
hole  were  left  on, 

5Ir.  KicHAno  Forrter — Are  there  not  some  instanccB  known  to  the 
gentlemen  rei>resenting  the  Lime  Cartridge  Company  where  the  coal  was 
not  removed  at  all  ? 

Mr.  Stbavemson  siiid,  that  with  Messrs.  Bell  Brothers  it  liad  been 
(jnite  a  failiTrc.  In  a  board  of  the  ordinary  character,  at  Tursdale  Colliery, 
he  spent  three  or  four  hours  watching,  and  the  coal  whs  quile  untonched. 
and  the  men  admitted  they  could  not  do  anydiing  n'ith  it.  He  suggested 
that  the  discussion  of  this  paper  be  adjrmrned  until  the  piomised  paper 
on  "Wedging"  was  before  the  members. 

Mr.  LooAN  said,  this  lime  process  was  a  very  old  one.  One  of  the 
oldcet  niaiingera  in  the  county  of  Durham  told  him  that  fifty  years  ago  men 
in  the  colliery  under  him  nsed  lime  to  lilt  the  bottom,  which  was  dump, 
where  they  were  not  allowed  to  use  |jowder.  They  stemmed  the  bottom 
with  dry  lime  at  nigbt,  and  in  the  morning  it  did  sometimes  ease  them  in 
lifting  the  bottom.  It  was  also  used  by  the  manager  in  the  coal;  but 
itsatrtion  weis  uncertain,  and  when  it  did  act  the  lime  splashed  all 
over.  They  did  not  find  that  the  nse  of  lime  cartridges  was  increasing  in 
Dnrhani.  He  would  like  to  know  from  the  author  of  the  paper  whether 
all  the  collieries  that  adopted  the  process  were  continuing  it.  They 
were  told  that  at  one  colliery  lime  cartridges  were  beiug  used  to  a 
large  extent,  and  that  they  resulted  in  a  considerable  saving  as  com- 
pared with  the  use  of  the  wedge.  Was  that  the  hand  or  machine 
wedge?  An  experiment  had  been  made  at  a  colliery,  in  a  scam  4  feet, 
a  wall  9  ftet  wide  was  nicked  and  liirved  3  feet  (i  inches;  four  holes  put  in 
with  three  cartridges  in  each  hole,  in  all  twelve  cartridges,  and  they  failed  to 
make  the  slightest  impression  on  ttie  jiid.  Another  trial  was  made  in  a 
board  C  feet  n  ide,  nicked  and  kirved  3  feet  6  inches,  three  holes  put  in  with 
three  cartridges  in  each  hole;  the  jnd  gave  slightly  next  the  nicking,  and 
about  two  tubs  of  coal  could  be  taken  off  with  the  pick,  but  the  remainder  of 
the  jnd  was  unaffected.  In  all  the  espeiiments  he  had  heard  of  that 
scorned  to  be  the  result.  There  was  no  certainty  of  action.  As  Mr.  Weeks 
said,  the  hewer  could  not  wait.  Tliey  wanted  something  quicker.  They 
wanted  something  safe  by  all  means;  hut  they  wanted  something  quicker 
than  hme. 

Mr.  Still,  in  reply,  said  that,  witli  respect  to  the  [x^rcentage  of  large 
or  ronnd  coal  got  by  the  use  of  the  lime,  Mr.  Laverick,  the  Manager  of 
the  Bainton  Colliery,  told  him  on  the  previous  day  that  the  percentage 
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of  large  coal  was  lit  to  2<(  [ler  cent,  more  thaii  that  got  bj  liand  wedging. 
As  to  Will  being  got  beyond  the  depth  of  the  iiole,  that  freijuently  oo- 
cnrrcd  at  Shipley  and  elsewhere,  where  thej  left  the  coal  ou  the  sprags 
and  it  oamu  down  eighteen  inches  behind  the  bole  itself.  Another  point, 
raised  by  Mr.  Richard  Foreter,  was  as  to  the  steam  from  the  linke  being 
dangerous  tt.i  the  ini'U.  That  was  an  objection  that  was  raie^  by  the 
colliers  at  Raintoii,  and  the  matter  was  brought  before  their  conncil. 
At  tiic  re<]nest  of  Mr.  Laveriek  the  council  examined  the  place,  and 
reported  that  there  was  nothing  to  complain  of  in  the  matter.  As  to  the 
cost,  Mr.  Laveriek  distinctly  told  hira  on  the  previons  day,  and  in  fact 
authorized  him  to  mention  it  at  this  meeting,  that  the  cost  of  the  lime 
piwess  was  considerably  cheaper  than  the  present  system  of  wedging 
by  hand.  A  gentleman  present  liad  spoken  of  experiments  made  with 
three  cartridges  in  each  hole.  He  really  did  not  think  it  fair  that  a, 
system,  ia  connection  with  which  it  was  distinctly  stated  seven  cartridges 
went  to  s  shot,  should  be  tried  with  not  half  tiie  power;  and  it  was 
from  trials  of  this  class  that  the  more  nnsatisfectory  reaultp  were 
obtained.  In  some  plscos  they  oonld  do  with  six  cartridges  in  a  bole,  ' 
bnt  they  used  seven  as  a  rule.  I 

Mr.  LooAN  said  that  in  the  c&m  he  mentioned  there  were  four  holea, 
each  with  three  cartridges,  making  twelve. 

Tlie  Pbesidbnt — Mr,  Still  says  there  should  he  seven  cartridges  Ib 
each  hole. 

Mr.  RiCHAHD  FoESTER  asked  whether  Mr.  Still  claimed  for  this  system    | 
that  it  was  nniversally  effective  in  getting  coal  under  alt  conditions  ?   They    , 
coald  not  make  their  coal  to  suit  the  lime  cartridges.     They  wanted  the 
lime  cartridges  to  suit  their  coal. 

Mr.  Stkavenson  proposed  a  vot«  of  thanks  to  Mr.  Still  for  the  paper, 
and  said  this  was  a  matter  which  deserved  their  attention,  even  if  they 
were  not  satisfied  one  way  or  another. 

Mr,  May  seconded  the  vote  of  thanks,  and  suggested  that  the  further 
discussion  of  the  paper  should  he  postponed  until  the  next  meeting. 

Mr.  Still  thanked  the  meeting  for  the  vote  of  thanks,  and  stated  that 
the  liest  evidence  he  could  give  as  to  the  use  of  lime  as  a  means  of  coal- 
getting  was  the  number  of  letters  he  had  received  from  various  colliery 
managers  in  that  and  other  districts,  all  the  letters  having  been  written 
after  practical  experiments  with  the  cartridges. 

The  meeting  then  concluded. 
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SOME  RESULTS  OF  THE  OBSERVATIONS  ON  UNDERGROUND 
TEMPERATURE  DURING  THE  CONSTRUCTION  OF  THE 
ST.  GOTHARD  TUNNEL. 


By  Dk.  F.  staff F. 


Communicated  hi/  Professor  G,  A,  Lebour,  M,A.,  F.G,S, 
Taken  as  read  at  the  General  Meeting  held  on  Jnne  9lh,  1S83. 


It  is  not  the  writer's  intention  to  recapitulate  here  the  observations  of 
nine  years,  which  are  registered  in  the  "Geologische  Diirchschnitte  des 
Gothard  Tunnels,"  nor  the  brief  summaries  and  conclusions  hitherto 
drawn  from  these  observations,  but  only  to  mention  some  few  results 
obtained,  which  seem  to  be  worthy  of  attention. 

The  diagrams  on  the  distribution  of  temperature  in  the  great  tunnel, 
published  as  "Annexe"  XIV.  to  Vol.  VIII.  of  the  "Rapports  Trimestriels 
du  Conseil  f(^eral  Suisse  sur  la  marche  de  TEntreprise  du  chemin  de  fer 
du  Gothard,"  show  some  curious  irregularities,  which  may  depend  on 
the  considerable  influences  of  cold  water  on  the  souih  side,  on  warm  springs 
in  the  neighbourhood  of  the  serpentine,  on  the  decomposition  of  rock 
near  feults,  or  on  different  heat  conductivities  of  the  different  rocks,  but 
above  all  they  should  be  ascribed  to  the  configuration  of  the  ground  and 
to  its  different  snriace  temperatures  at  different  points. 

The  surface  temperatures  of  ground  as  determined  by  continued 
observations  on  a  certain  class  of  springs  up  to  2,G00  metres  above  sea 
level  increase  southward  and  decrease  upwards.    The  empirical  relation  is 

e  =  6-734  +  0-0001096  D  —  0-004256  (H  -  1,100), 

where  0  =  temperature  of  ground,  112  metres  below  surface,  in 
degrees  Centigrade. 

D  s=  distance  from  northern  mouth  of  tunnel  southwards  in  metres. 

H  =  height  of  point  above  sea  level  in  metres. 
On  the  other  hand  the  empirical  relation  between  temperature  of  air 
(T),  D  and  H  was  found  to  be 

T  =  5-45  +  0-000075  D  -  0-007024  (H  -  1,100). 
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A  combiniition  of  both  furmulas  shows  that  iho  difference  A  =  fl  —  T 
mcreasea  as  the  (ein|ieratarG  dct^reHBes ;  that  difTcreuce  being  about  1^''  if 
ff  be  7°  and  6"  if  a  =  1'^,  or  generally 

A  =  37-(  -  0-411  T—  0-0029  T^. 
A  qnite  similHr  rcsnlt  was  arrired  at  by  computing  the  observations  on 
the  teoiperatuve  o!'  air  and  of  springs  at  twenty-two  localities  between 
Lapl&ud,  Congo,  and  Cumana,  viz. : — 

A  =  3'25  —  0-3348  T  +  0-0031)  T^ 

The  observations  on  Gothard  springs  show  a  remarkable  diflej-ence  of 
temperature  dependent  upon  the  ex-posnre  of  the  ground  to  the  sun; 
whilst  the  surface  temperature  of  aiinny  ground  is  expressed  by  the  rela- 
tion 0'  =  132  {0  +  0-52),  that  of  sliaded  ground  finds  its  cipreflsion  by 
ff"  =  0-97  {0  —  U'!)5).  The  mean  error  of  6,  when  computed  by  the 
formula  mentioned  above,  ia  ±  1-12°. 

For  eliminating  the  influence  of  uneven  surface  and  of  neighbonring 
masses  on  a  regular  increase  of  tempei-atm'e  towards  the  interior,  the 
writer  has  tried  to  find  out  the  height  above  sea  ot  ideal  boriKonlol 
planes  which  would  correspond  to  the  broken  surlace  al>ove  eacb  point  o: 
observation.  The  leading  idea  was  that  the  temperature  t  in  the  centre 
of  a  sphere.  Fig.  1,  must  be  equal  to  the  average  temperature  I'  on  the 


surface  of  that  sphere  provided  that  it  he  situated  below  a  horltsuntal 
plane,  that  the  rock  be  homogeneous,  and  possesses  the  same  condoc* 
tivity  in  all  directions,  that  the  flow  of  heat  has  become  steiidy,  and  that 
the  diameter  of  the  sphere  lie  small  in  comparison  with  that  of  the  earth. 

If  any   pmut  of  ohservatioii   in  the  tannel  be  supposed  to  be  the 
centre  of  a  sphere  which  touches  the  uneven  surface  above  without  ) 
cutting  it,  and  if  the  average  surface  tumjicraturc  of  that  sphere  ia  found, 
in  most  cases  it  will  be  seen  that  it  is  not  e<iual  to  /,  Fig.  2,  and  the  I 
differpnce  /  —  (  gives  means  to  calculate  the  position  of  the  equiva-  J 
lent  horizontal  plane,  the  temperature  of  the  ground  at  the  suiface  being  I 

J  known.    The  unhscquent  olacrvatiuus  on  temiierature  along  the  line  > 
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I'  of  tunnel  permit  a  computation  to  be  made  of  the  average  temperatnre  in 
I  «ue  great  circle  of  the  sphere;  but  they  are  not  sufBcieiit  for  the  tempera- 

Fi<f2. 


tares  in  other  sections  as  far  as  no  suppositious  are  made  wii.h  regard  to 
the  unifoiTuity  of  gradients  in  cross  sections.  This,  and  the  unrdiiibiiitj 
of  the  toitographical  maps,  prerentcd  the  writer  from  begiiiiiiug  a  tedious 
computntioTi  of  donbtfnl  value,  and  another  method  iras  substituted,  which, 
under  the  giren  circumstances,  might  give  quite  ob  good  results  a&  the 
one  indicated,  but  with  far  leas  expenditure  of  time.  Cnjss  sections  were 
made  at  every  100  metres,  each  cross  section  having  tlic  extent  of  the 
diameter  of  a  sphere  inscribed  from  the  corresponding  tunnel  point  as 
ceatre.  The  average  heights  of  these  cross  sections  wore  used  for  the 
construction  of  a  longitudinal  section.  Successive  porlions  of  the  latter, 
equal  in  length  to  the  diameters  of  the  respective  inscribed  circles,  were 
levelled  aneiv;  their  average  heights  should  answer  to  the  required  heights 
of  horizontal  planes  which  lie  aluve  the  successive  points  of  observation. 
A  continuous  line  drawn  through  the  middle  points  of  the  successive 
horizontal  planes  represents  a  new  profile  of  the  Gothard,  extending  from 
Andermatt  to  Airoio  without  sensible  asjjerities." 

The  observations  on  rock  temperature,  etc.,  made  up  t«  1877,  and  ex- 
tending to  4,400  metres  from  the  northern  and  4,100  meti'es  from  the 
■onthern  mouth  of  the  tunnel,  gave  an  average  increase  of  temperature 
towards  the  interior  e  =  O'OSCCSA ;  A  being  in  metres,  and  S  in  degrees 
Centigrade. 

Tbe  ol»ervations  throughout  the  whole  tunnel  gave  an  average  iuci'ease 
1 1=  0-02 UGA;  a  being  taken  from  the  direct  geometrical  profile,  and  0, 
the  temperature  of  the  ground  near  the  surface,  being  computed  by  the  new 
formula  mentioned  above.     The  coefficient  0'02146  has  an  avemge  error 


•  It  w 


to  easj  to  cunntruct  reliable  cruss  sections  hy  mrnis  of  tbe  lopo- 
ignjiLical  uu|j  to  tlia  1 1 50000  scule  witli  cootuur  tiues  &t  every  30  metnu.  lustouluf  ■ 
line  of  tunnel  ■  limken  one  lias  to  Ik  drHwn  oil  the  iiup,  pusiiig  tlirongh  wcU- 
Imown  pointu  of  the  dlract  proltle.  Tbe  crou  sections  were  biken  perpondicularly  b 
tiie  palj'gonal  lino;  and  Hnatly  tlie;  hnd  to  bo  raised  or  lowered  till  tfac^  corresponded 
witb  the  levelltd  ]>oLiiU  of  euetiuii. 
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of  ±  0"t>0]30,  the  average  error  of  temperatures  Dear  surface  being  ± 
I'lsfU",  that  of  temperatures  of  rocks  in  tuDuel  ±  U'23°,  and  of  vertical 
heights  ±  0-83  metres. 

The  mean  height  above  the  sea  of  the  directly  surveyed  Hoe  of  section 
between  Goecheucu  und  Airolo  is  2,041  metres,  and  the  average  tempera- 
ture near  the  surface  in  thut  line  is  3*56°,  the  meim  height  of  the  tmiuel  (tup) 
is  1,147  mctn'tt,  liiid  ttie  a^'eruge  depth  from  aurfaoe  to  tunnel  8!<4  metres. 
For  Alpine  mountains  of  the  shape  and  compoeitiua  of  the  St.  Golhard, 
and  under  the  conditions  just  indieiited,  the  coefficient  0-021 46  ±  O-OOISO 
is  available  for  future  use.  The  average  intTeaae  of  temperature  made 
out  on  the  basis  of  the  idea!  planed  profile  is  S  =  0'0217!'/*''. 

The  rock  tL-mporatures  calculated  by  this  coefficient  (and  the 
heights  and  surikce  temjiei-atures  Iwlonging  to  this  planed  profile) 
differ  but  a  trifle  in  the  middle  )iart  of  the  tunnel  (5,000  N.  to  6,000  S.) 
from  the  observed  ones;  but  beyond  these  limits  there  are  differences 
amounting  to  +  lu°  (Plain  of  Andermatt)  and  —  .'i''  (south  side),  which 
cannot  he  accounted  for  by  topographicu!  roa*)iis,  and  must  l>e  ascribed 
to  the  physii^al  proiierties  of  the  rucks,  chemical  proceBsus,  water,  etc. 

It  was  surprising  to  find  that  the  average  gradient  for  level  gronnd 
(0'0217il)  differed  so  little  from  the  average  gradient  for  broken  ground 
(0'02146),  and  the  writer  believes  that  the  i-eaaon  mnst  be  sought  in  the 
circumslunce  thut  the  cooling  process  in  a  high  isolutod  mountain,  with  a 
large  surlace  surrounded  hy  a  cool  and  iilwiiys  changing  medium,  works 
somewhat  diSerentiy  from  that  in  any  ]>articnlar  horizon  of  the  earth's 
crust. 

Ciirdier,  Herschcl,  and  Bischof  have  long  ago  suggested  that  the 
isotherms  under  tiiouutains  should  bend  upWiirda.  The  truth  of 
their  opinions  can  \>e  proved  theoretically  if  the  earth  is  regarded 
as  a  cooling  body;  but  the  empirical  proof  was  i-ather  incomplete, 
and  briefly  based  upon  some  olteervations  of  Humboldt  and  Bonpland, 
in  Mexico  and  Peru.  Indeed  observations  throughout  a  whole  long 
Alpine  tunnel  were  necessary  to  prove  the  [wint  directly  and  in- 
coutestahly.  The  occasion  offered  by  the  Mont  Cenis  Tunnel  passed 
by  unused.  Eight  observations  on  rock  temiH;raturc  were  made  in  the 
Bouthem  part  of  it,  but  they  were  made  after  the  boring  through, 
when  air  jwssed  freely  and  cooled  the  rocks.  Two-and-ii-half  years  after 
the  piercing  of  the  St.  Golhard  Tunnel,  the  rock  temperature  in  its 
middle  part  decreased  by  fi'om  G°  to  7°.  Nobcjdy  knows  how  much  the 
temperature  in  the  Mont  Cenia  Tunnel  had  diminished  (at  least  to  a 
distance  of  some  miles  fi'imi  the  niuulh)  beturc  the  ubsci-vntions  there 
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were  made,  and  little  more  can  be  inrerred  from  them  than  thut  tlv!  tem- 
'perature  increased  towards  tlie  interior.  But,  even  if  reliable,  tliese 
ohservationa  would  not  allow  ffradients  of  increase  k>  be  plotted,  because 
the  surface  temperatures  on  the  Mont  Ceiiis  are  unknown,  and  bccanse 
the  estimate  of  Professor  Anet«d,  that  the  tempernturu  of  the  ground 
sear  the  surface  was  i°  hi<);her  than  that  of  thu  Burrouodiiig  air,  is  not 
■correct,  for  lnw  temperatures,  tliough  it  may  1«  right  enough  fov  the 
English  eliiuate.  The  writer  bad  special  reason  to  regret  the  deficiencies 
of  the  Mont  Cenis  obser^"ations  when  the  temperature  in  the  St.  Oothard 
Tunnel,  3U0  metres  below  the  Plain  <if  Andermatt,  rose  by  22°  to  23°,  and 
no  experience  was  available  to  show  what  might  be  exjiected  1 ,700  metres 
below  the  Kartelhoni.  This  was  a  practical  question  which  the  writer 
mdeavourcd  to  solve  on  tlie  basis  of  tlie  observations  which  had  been 
tnadc  ill  the  St,  Gothard  Tunnel  itself  (gradient  mentioned  above,  0-(i2068). 
That  the  calculation  proved  a  success  is  of  some  importance  for  all  future 
Alpine  tnnnuls. 

Two  of  the  empirical  relations  between  increase  of  temperature  {B) 

ind  vertical  depth  (A)  or  shortest  distance  to  surface  {n)  then  com- 

Kited,  viz, : — 


a  =  V  41-6593  —  (fl5I7A  +  0-000112AH  ('■01(i.f,8A  +  r.-4M 
and 


=  ^/ 36-1682  —0-1278W  +  0-00(HO3«''+  0-OlOIIiM  +  fi-OU 
lead  to  imaginary  values  for  A  =  383  ...  069  metres,  and  n  =  438  ... 
^0  metres.  This  means  that  horizxintal  isotherms  may  be  met  with  at 
Dertain  depths  in  apito  of  the  undulating  snrfiLce.  This  conclusion  v.'oa 
Ferificd  by  a  computation  of  all  thermometricul  obBen'&tiona  made  in 
1878,  between  4,G00  and  5,90')  metres  frf)m  the  sonthern  mouth.  In 
that  portion  the  absoltUc  height  of  the   Bui-face  varies  from  2410-&  to 

^■1  metres,  the  depth  of  the  tunnel  from  1250'.5  to  1528'4  roetrea, 
tiie  temperature  near  the  surface  from  1'8°  to  i.i'5°  (old  formula  for  6), 
the  temperature  of  rock  from  30'8  to  28-1°, 

If  there  be  between  the  tunnel  and  the  surface  a  horizontal  isotherm  of 
Itemperature  T  and  absolute  heiglit  h;  if  ff  he  the  temperature  near  the 
;«arface  al  a  point  at  height  H  above  sea  level;  if  7  be  the  coefficient  of 
increaae  of  temperature  from  that  point  down  to  the  tunnel,  then  the 
relation  T  +  A^  =  ff  +  H7  ia  arrived  at.  Hy  sulistituting  13  consecu- 
Kre  numerical  values  for  e,  U,  7,  as  observed  from  4,C0ii  to  .1,300  uietrea 
fewm  the  south  end,  there  was  found  to  be  T  =  19-84  ±  O't;  A  =  l(!2I-3 
metres.     It  would  bo  easy  to  calculate  in  the  Siiine  niauuer  the  height 
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Mid  tempcTatnre  of  <|uite  n  number  of  local  horizontal  isotbcmiB  in  the 
tuTinel  Goction.  Instead  of  this,  the  wrtt«T  has  tried  b>  make  ont  the  poet- 
tion,  cnnatnre,  and  l«raperature  of  five  continuoua  lines  in  five  natnrallj^ 
limited  portions  ofllie  section,  viz.,  450— 1,350(  2,050—3,450;  3,550 — 
15,050;  bM50 — 11.270;  11,370— 14,470  from  the  northern  entmncc.  The 
obsenationB  0 — 400  and  H,500 — 14,920  were  left  aside  as  not  being  I 
reliable  enough. 

The  continunns  lines  were  asEumed  to  be  paralxtlaB,  in  each  of  which  ' 
the  pammetcr  (p),  the  height  of  the  vertex  above  the  sea  (a),  and  the  hori- 
jtontal  distance  of  the  vertex  ftom  the  northern  entrance  (b),  Pig.  3,  had  to 
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be  determined.     Let  the  sought  temperature  in  encb  a  parabolic  iBotherm 

be  (T).     For  any  point  of  the  tunnel  line  Iwlonging  to  the  portion  under 
treatment  the  distance  (L)  from  the  northern  entrance  is  known;  farther, 
the  temperatures  near  the  surface  vertically  above;  the  absolute  height  of  I 
thataurfacepoint(H);  and.finallj.thecoefficientofincreaseofteinperaturfl  [ 
from  it  down  to  the  tunnel.    A  second  assumption  is  that  this  coefficient  j 
is  nniform  for  the  whole  depth.    'I'hen  T  =  7(n  —  a  +  i)  +  0  and  c  I 
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being  = 


that  if 


?  =  T  + 


)--(i)- 


Known  L,  7,  H,  0;  unknown  T,  a,  b,p,  whence 

four  comtecutiTC  numerical  values  for  L,  7,  II,  0  wonld  be  sufficient  to   1 

determine  the  constants. 

To  l>egin  with,  it  had  to  be  tested  whether  the  whole  manner  of  view- 
ing the  subject  and  reasoning  was  a  right  one;  hence  the  writer  did  not 
spend  much  time  on  arithmetical  calculations  by  the  method  of  least 
squares,  but  preferred  an  approximate  method,  and  introduced  in  the 
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fonnula  above  the  average  valaeg  uf  7,  H,  0,  L,  belonging  to  tbe  four                ^H 

gruiipa  into  which  the  respective  porUooB  of  the  section  were  divided.                ^M 

The  following  table  gives  a  summary  ofttU  numerical  values  introduced                 ^| 

Bnd  of  the  reeuUiiig  oues :— 
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It  can  be  aasamed  that  the  inflaenoes  of  local  saperficial  protaberances 
and  depressions  on  regular  increase  of  temperature  towards  the  interior 
disappear  in  these  local  continuous  isotherms,  which  are  nevertheless 
governed  by  the  distribution  of  the  overlying  masses  in  their  totality. 
The  question  is  then  arrived  at,  may  there  not  exist  below  these  local 
isotherms  a  continuous  isotherm  depending  on  the  form  of  the  mountain 
as  a  whole  ? 

Let  the  parameter  of  that  (parabolic)  isotherm  be  (p)  the  distance  of  its 
apex  from  northern  entrance  {b),  the  depth  of  its  apex  below  sea  level  {a), 


Fig  ^ 


J/ft 


^j  ^^^rm  irft*  ^PJi^,^^^ 


Sea  level 


Fig.  4,  the  temperature  in  it  (T),  the  coefficient  of  increase  in  it  (7*), 
further  let  H  =  (average)  height  of  any  of  the  five  local  isotherms  above 
sea;  L  =  distance  of  its  middle  from  northern  entrance,  t  =  tempera- 
ture and  7^  =  coefficient  of  increase  in  the  same;  then  there  will  be 

'''  =  '+ (^^^)  (H +  «  +  *)•  *°<i  ^ '^'nR  =  ^  =  ^^^^ 

2  .  +  ,°  H  =  [-2  T  -  y  (a  +  ^)-]-[a  +  |]  ,°-[y]H  + 

[7]  L  (7°  +  i)  -  [^]  I?  (yo  +  y). 

This  equation  is  still  indeterminable;  before  rendering  it  fit  for  solution 
an  endeavour  must  be  made  to  find  7°  or  the  increase  of  temperature  in 
the  horizon  of  the  five  continuous  local  isotherms.  The  average  absolute 
height  of  the  surface  above  each  of  them;  the  average  temperature  of 
ground  near  surface;  the  average  height  of  each  isotherm  and  the  tem- 
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perature  in  the  same;  the  average  height  of  tunnol  (top)  and  its  tempera- 
ture are  known.    Oonsequently  the  coefficient  of  increase  between  the 

Surface fe 


snrface  and  the  tunnel  (i).  Fig.  5,  betiFeen  anrfuce  and  local  isotherm  (7'}, 
and  between  local  iBotherm  and  tnnnel  (-y")  are  also  known,  there  will  be 


t    +  t" 


1''  being  coefficient  of  increase  in  the  hohiion  of  tnnnel, 
rf  in  the  local  continuous  isotherm,  7"-  near 
Burface  whence — 


1°  =  1'  +  •/'  —  I- 
V*  =  7'  +  7  —  it". 
i''  =  7"  +  IT  —  1'. 

The  following  table  contains  the  nnmerical  values :- 
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D  TEMPERATLTIB 


The  difFerences  here  showu  between  the  coefficients  of  increflfle  at 
different  depths  in  one  and  the  same  portion  of  section,  are  not  in 
accordance  with  the  supposition  as  given  above.  The  final  result 
of  this  corapatatiou  cannot  be  Bensibly  changed  by  these  differences,  bnt, 
notwithstanding,  they  are  of  some  interest,  showing  that  irreguJarities  of 
the  increase  of  temperature  in  one  and  the  same  artesian  well,  must  not 
always  be  ascribed  to  en'oneous  observations  or  accidental  convections. 
Going  baek  to  the  equation  presented  higher  up,  viz. : — 

2.  +  ^H=[2T^'(«  +  /^)]  -  [«+  *^']7=-C7']H  + 
F—  1  L  (7"  +  t')  ~  [J^l^'  (7°  +  7')  it  will  be  found  that  the 
difference  between  its  two  last  terms  must  he  amall;  p  being  great, 
7°  +  7'  a  small  fraction,  the  products  b  L,  and  -„■  limited.      Therefore, 

ae  a  first  approximation,  these  two  terms  could  be  omitted,  and  a  calcn- 
lation,  by  help  of  the  remaining  ones,  of  an  approitmate  value  for  7', 
could  foe  made,  which  could  be  introduced  in  the  two  last  terms,  and 
then  solve  the  equation.  Instead,  the  writer  has  introduced  in  the  two 
last  terms  an  apprrjximute  value  fur  7',  calculated  and  substitnted  a  more 
correct  value,  and  then  solved  the  equation.  The  following  numerical  1 
values  entered : — 


SSL 

AT«ai8 

CtMai-MBi 

7"  +  7';  ^. 

7°  +  01»«. 

150  to   1950 
II. 

aoeoto  swo 
III. 

S5G0to   6050 

IV. 

8160  to  11270 

V. 

11870  to  1M70 

L 

1200 
2760 
4800 
8710 
12920 

H 

1129'6 
IB08-1 

18S2'2 
12697 
1894-7 

17-09 
16-20 

6-98 
27'19 

7-G8 

'■1° 
0  0fi602 
0-05335 
0-02894 
001985 
001839 

00899S 
008726 
0-0638S 
005476 
005330 

0-03481 
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The  first  approximations  were: — 
V  =  0'031C6 
p  =  1324C9  metres. 
6  =       3347       „ 
a  =  —  330-1       „      fabovesea). 
T  =      531 3" 
Inatead  of  0-03491  =  7'  tlie  value  0-031( 
the  two  last  terms  of  tlie  general  ttjuatioQ, 
laM  column  of  the  preceding  Table  cbanse  to  0-08C(i8,  0'08401,  0-06060, 
0'05151,  0-05005,  whilMt  all  others  remain.     The  five  equations  then 
give:— 
1 


4  now  Bubstituted  in 
)  that  the  figures  in  the 


-  =  0'00000275458;  p  =  181516  metres. 
=  0-0182G;  b  =  3314-u  metrefl;  7'  =  0-03167. 


298-35i  a  =  ■ 


2  T  - 


■(»-!) 


=  -9-45iT 


1  metrea  (above  sea). 

=  53-^35°.     These  ligiires  may  yet 


be  capable  of  correction,  the  whole  calculation  having  been  based  npon 
the  employment  of  simple  arithmetical  averages,  and  not  ujion  direct  snitsti' 
tution  of  the  observed  data,  the  different  weight  attaching  to  the  single 
observationa  having  also  been  neglected.  Notwithstanding  these  imper- 
fections, the  writer  has  good  reason  to  consider  the  average  coefficient  of 
increase  0-03167  to  be  one  of  the  most  reliable  hitherto  deduced  from  any 
observations  on  nndergronnd  temperature.  It  means  that  near  the  surface 
{almost  at  sea  level),  and  under  level  ground,  the  internal  temperature 
increases  by  3-167°  per  KiO  mcties  of  \ertical  depth.  Adopting 
0*0058  as  the  mean  conductivity  of  the  outer  ci-nst  of  the  earth 
(wife  Professor  Everett,  in  "Nature,"  p.  51)1,  Octoiier  12,  1882), 
the  Sow  of  heat  in  a  second  across  a  ajuare  centimetre  would  be 
0-0058  X  0-0003167  =  0-000001837;  and  the  average  number  of 
gramme-degrees  of  heat  that  escape  annually  through  each  square  centi- 
metre of  a  horizontal  section  of  the  earth:  0000001837  X  31500000 
57-9.  Furthermore,  it  has  heeu  sIk-wu  from  the  (lothard  observations 
that  the  isotherms  below  that  mountain  swell  up,  and  that  the  highest 
continuous  isotherm,  with  a  temperature  of  53^°,  has  a  mdius  of  curvature 
of  about  181516  metres,  whilst  the  radius  of  the  earth  in  a  latitude  of 
46^°  is  about  6462432  metres.  The  bow-formed  isotherm  has  its  summit, 
not  below  the  middle  of  the  mountain,  but  northwards,  bctMccu  the 
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hottest  sections  of  the  tunnel ;  it  cuts  the  sea  level  about  650  metres 
from  the  southern  entrance  and  its  summit  is  397  metres  above  the 
sea.  Knowing  the  surface  temperatures  along  the  line  of  section, 
the  rock  temperatures  in  the  tunnel,  the  average  temperatures  of 
five  local  continuous  isotherms,  and  the  temperature  of  a  principal 
continuous  isotherm,  it  is  easy  to  interpolate  isotherms  for  whole 
degrees  tliroughout  the  whole  section.  These  isotherms  follow  in  upper 
levels  all  the  inequalities  of  the  surface,  whilst  below  they  adjust 
themselves  more  and  more  to  the  course  of  the  continuous  isotherms. 
They  show  at  a  glance  that  the  increase  of  temperature  is  more  rapid 
below  plains  and  valleys  than  below  smnmits,  and  that  these  local 
differences  disappear  more  and  more  at  greater  depths.  They  show 
irregularities  on  the  south  side,  which  clearly  depend  on  cold  springs,  they 
bend  down  rapidly  and  then  run  smoothly  inclined  below  the  water-filled 
section  of  the  mountain.  Other  local  irregularities  can  be  explained  by 
the  decomposition  of  rock;  but  there  is  no  obvious  explanation  of  the  rapid 
increase  in  the  granite  rocks  at  the  northern  end  of  the  tunnel  (2,000 
metres),  and  it  is  probably  to  be  attributed  to  the  influence  of  different 
thermal  qualities  of  the  rocks  on  the  coefficients  of  increase.  For  the  rest 
these  200  metres  of  granite  belong  to  the  massif  of  the  Finsteraarhom, 
and,  geologically  speakmg,  they  do  not  share  in  the  composition  of  the 
St.  Gothard.  Perhaps  these  two  massifs  belong  to  different  geological 
periods  (as  supposed  for  geological  reasons  long  ago).  What  wonder  then 
if  one  of  them  be  cooler  than  the  other. 


^^L                   iJ-PLSUlX — OBSUflVATIONS  OX  UNUEUGltOUND  TESU'ERATirRB.         31                   ^H 

^^^^^^^V                                          ^^^^B 

TeMFEH^ICHS    I.V    Till!    f>T.   UotHABIl   TCXNEL    BKNKA'I'll    TUE    PLAIS   OF                                ^^| 

Andebmatt. 

m 

.iilii  it 

|ii 

TBB  QAIiLUT-                                    redUH  UlDLa 

ll 

1 

j 

ll'iM'iil 

ru(  ot  ChtU«T-j(tr. 

1 

1  i 

0  = 

li 

% 

If ,  iK 

II  ;l^ 

1 

Pw 

1 

w 

II 

1 

I 

J         s 

< 

"i" 

< 

~ 

9 

10 

11 

~a      ii" 

- 

IT 

17 

IKO 

1 

1& 

use    Ilia's 

ISM     lUf  S 

io»i 

itei   fi'55 

1»-H 

IS  73 

30-m 

u-rs 

"•»jlOI3J-flll 

3^ 

OMOM 

1 

nn 

30K '  iini 

luat    3K-9'  A-U 

»K 

19**' ISM  Low 

-0» 

13  71 

110M73 

■ 

KM) 

»a    iitt-i 

9'H 

SI  13 

23m 

aiw 

"'"iJO-M   -OM 
»  W    J070    ~0  3« 

-OM 

14  «B 

0  017M 

■ 

1& 

11X17  Xit 

S67 

M17 

»n 

iin  aimljow  -D'3« 

-ois 

isu 

0  00074 

& 

MK 

UXi 

liss-a  '  JTO-g 

E-SB 

M77 

21  sa 

B«!ai«lj,.M  -o-,o 

-ow 

leiB 

0-09353 

MM 

IHO 

imt 

14U-4 !  ni« 

isa 

H'Si 

«■« 

Mil    «7l'H7a   -OU 

+  0-D3 

1714 

0-0BM7 

aoD 

"*■ 

ux-i 

1«4J    3M7 

S'M 

aiM 

as'H 

30« 

31  e 

as  17 

M-6i|awf7;ri^ 

+  0_10 
■1-OOJ 

IS-M 

owwa 

»U) 

asw 

IIJH 

143(10, 3091     ita 

am 

M06 

..       M-aj'gi-ji!_038 

+  0M 

IS  70 

o-o:iJB 

mo'iiea 

una 

!«7i'a»o   SCI 

10-H 

SI  13 

zajs 

3170  W»'»wj-0-3S 

+  0-01 

IIW 

O-OtBSS 

M 

1133  s 

;:.:i::l:: 

1B-3D 

ISM 

aoo 

19«0    imiin\-{l-33 

■  •    "'"'ww  -oas 

-DO* 

1378 

0WS39 

1 

saw  1390 

1U4* 

109-s'»t<'s-flS 

w« 

IBW 

»n 

»»!™,™  rS" 

f^ 

1342 

DDMOe 

1 

^    MM  j  lUttS 

IMSO   M-S'  S-W 

1      ! 

1710 

19-70 

-01* 

123S 

o,Mten 

00U33 

1 

CoIb.  3  and  5.— The  depths  are  reckoned  to  the  top  of  the  tunuel,               ^M 

because  the  ubservatioos  wefe  mude  in  the  little  gallery,  which  was  driven               ^M 

eloae  below  or  abore  the  top.                                                                                   ^M 

Col. ».— The  temi^mturea  of  the  ground  near  the  Burface  are  calculated               ^M 

bj  the fui-miUa fl  =  0-7:14  +  0'UUO1O!H1  D— fl-004i56  (H— 1,100);  D being               ^M 
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distiince  frooi  uorthern  mouth  (CoL  :*),  H  height  of  surface  abave  seu 
level  (Col.  4).  This  formola  differs  a  httic  frum  that  made  out  in  1877, 
because  the  observations  on  springs  have  been  coutinued  ever  since,  and 
extended  to  springs  iu  higher  levels.  The  mean  error  of  a  single  observa- 
tion IB  ±  1-12,  the  mean  eri'or  of  the  mvaa  ±  O'lT.  There  la  a,  senaible 
difference  between  the  temperatures  of  sunnj  and  shadj  ground.  The  . 
former  (sunny)  was  found  to  be  e"  =  1-32  (ff  +  0-52)  j  the  latter 
(shade)  &'  =  ty'Jl  {0  —  0-96).  The  depth  below  the  surface  (r]2  metres), 
in  which  0  is  assumed  to  prcvuil,  is  deduced  from  u  special  series  of 
observations  on  the  tempci'atnrG  of  water  rnuiiing  through  a  narrow 
iron  pipe,  5"(i  metres  long,  imbedded  77  centimetres  below  the  surface, 
and  siiuultaiieoua  observations  on  the  temperature  of  the  ambient  air. 


Ther 


I  found  for 


gravel  J^  = 


r77  (one  year  and  1  metre),  and 


this  constant  was  made  use  of  to  compute  the  depth  of  ^rings  on  the 
Gothard,  which  had  been  obsCTved  all  the  year  round. 

Col.  ?. — Compare  with  Col.  13.  Underground  temperatures  obserred 
io  water-filled  narrow  wells  can  but  accidentally  agree  with  rock  tempera- 
tures, the  influence  of  convection  being  neglected. 

Cols.  8,  9,  and  lu.— These  figures  are  the  averages  of  all  single 
observations  respectively  made  in  the  lengths  indicated  in  Col.  1.  The 
single  observations  ai'e  registered  in  the  "  Gcologische  Diirschnitte  des 
Gotthard  Tunnels"  (scale  1  :  200),  and  in  the  text  to  the  same,  edited  by 
the  Swiss  Confederation,  together  with  the  "  Rapports  Trimestriels  8ur  la 
marehe  de  TEutreprifie  du  Gothard,  etc." 

Col  n. — These  average  temperatures  of  air  before  the  face  of  the 
SJCol.  H)        S  (Col.  10) 
littlegalleryare  computed  by  the  formula: —        n'        "^         n"  ; 


S  (Col.  8) 


^  S  (Col.  9)     5  (Col.  10) 


(n  =  number  of  respective  single 


observations). 

Col.  12, — On  the  occasion  of  the  monthly  geological  surveys  of  the  \ 
gallery,  that  is  to  say,  of  the  length  ojiened  during  each  preceding  month, 
stow  acting  thermometers  were  suspended  at  all  fixed  points,  the  average  i 
distance  between  them  being  about  10  metres.     This  series  of  obBer%'a- 
tions  gave  very  reliable  results,  showing  that  the  mean  temperature  of  air, 
60  to  150  metrus  liehind  the  face,  was  rather  stationary,  and  that  it 
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(iitTcrod  but  little  IVoiii  iliu  ttinpciiiturt!  of  tho  ruck  (Col.  loj.  The  figareB 
of  Cul.  12  are  ibf  averages  of  all  single  obeervations  at  every  100  mctrea 
(registered  in  the  reports  muiitioncd  above), 

Coi.  13. — The  figareB  underlined  are  direct  obwrvatiouB  on  the 
temperature  of  r.Jck,  as  measured  in  iidles  of  ri  metre  iu  depth,  with 
slow  Bctuig,  i.e.,  protected  thermometcrF.  SI(.aL  uf  theee  ubscrvattuns  wore 
mode  ill  the  face  of  the  little  gnllery;  none  in  the  finished  tunnel;  the 
ubfien'stioiiB  begun  this ^earai'e  not  included;  some  lew  in  the  excavatigiia 
behind,  but  always  in  fresh  walls. 

Cole.  14  and  I.'i  give  the  diSercuces  between  the  direot  obBcrvutions 
on  rock  temperatures  and  the  mean  temperatures  of  iiir  before  the  face 
(Coi.  11),  and  behind  (Col.  1:!),  alwaj's  at  the  Bame  distauccs  frcim  the 
mouth  of  the  tunnel.  The  figures  between  the  underlined  ones  in  the 
same  columns  are  interpolated.  Ity  the  help  of  these  corrections  the 
temperatures  of  air  have  been  made  Gt  for  completing  the  Ecrica  of  direct 
obscrvationB  on  rock  temperature  (,Col.  13,  figures  l)etweeii  the  under- 
lined ones).  The  weight  of  the  figures  in  Co!,  1 1  ±  corrections  as  com- 
pared with  those  in  Col.  12  ±  corrections,  waa  found  to  be  8'1  (in  the 
northern  part  of  the  tunnel).  For  inetance  3,450:  temperature  of  air  at 
the  face  of  the  gallery  18'70;  gives  temperature  of  rock  18'7n  —  ii"31  = 
18-3!';  temperature  of  air  behind  the  face  of  gallery  18'i.)4;  gives  tempera- 
Ime  of  rock  18-04  —  O'l^  =  17'!)2;  average   Cem])eratiire  of  rock  at 

S.W  to  s.r,..o'""™ +  '»''"' =  i7-9-. 

It  has  been  shown  that  the  temperatnrcs  of  rock,  by  direct  and  in- 
direct observationB,  as  put  together  in  Col.  IS,  throughout  the  whole 
tunnel  approach  the  truth  to  ±  0,33";  that  the  mean  error  of  the  differ- 
ence between  the  temperature  of  the  ground  near  the  Burface  and  the 
temperature  of  rock  vertically  beneath  is  ri4°i  and  that  the  mean  error 
of  each  particular  gradient  (Cul.  17)  is  -   -'- ;  (A  =  vortical  depth).    It 

wonldlie  wrong  to  regard  the  arithmetical  mean  of  gradients  between  each 
100  metres  to  be  a  true  average  gradient:  the  values  of  gradients  deduced 
from  observations  to  great  depths  being  much  greater  than  those  of  the 
gradients  from  shallow  observationsj  henec  it  is  indigpcnsable  that  the 
average  gradient  should  be  computed  by  (he  minimum  method.  The 
depths  fnim  the  Plain  of  Andemialt  down  to  the  tunnel  differ  so  little 
(298  to  310  metres)  that  the  weights  of  the  successive  gradients  (Col.  17) 
may  be  considered  to  bo  the  Bomc;  of  course  the  simple  arithmetical 
mean  of  all  particuliir  grndiento  (Coh  17)  will  suitiue  in  that  particular 


;U        APPENDIX— OBSERVATION'S  ON  UNDERGROUND  TEMPERATURE. 

The  writer  thinks  it  is  not  the  configuration  of  surface  alone  which 
makes  the  teinpei-aturc  liae  below  the  Valley  of  Aiidermatt  from  li)'^  to  23% 
and  then  descend  to  18^.  There  is  a  well-known  local  focus  of  heat 
(decomposition  of  rock)  below  that  valley,  which  seems  to  exercise  a  suffi- 
cient influence.  Slight  diflferences  (0*i°  or  so)  between  the  figures  of  Col. 
13  and  the  corresponding  ones  as  published  in  1877  depend  on  some  new 
direct  observations  of  rock  temperature  since  made  below  the  Plain  of 
Andermatt,  on  the  introduction  of  variable  corrections  (Cols.  14  and  15) 
instead  of  an  average  constant,  as  was  done  in  1877,  and  on  the  intro- 
duction of  other  values  for  the  temperatures  observed  I  efore  and  behind 
the  face  of  the  gallery. 
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PROCEEDINGS. 


GENERAL  MEETING,  SATURDAY,  DECEMBER  8th,  1833,  IN  THE  WOOD 

MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEORGE  BAKER  FORSTER,  Esq.,  Peksidbnt,  ix  thb  Chair. 


The  Secretary  read  the  minutes  of  the  last  meeting,  and  reported 
the  proceedings  of  the  Council. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated : — 

HoxottARY  Member— 
Hebb  Bbassebt,  Chief  Inspector  of  Mines,  Bonn-am-Rhine,  Germany. 

Associate  Mehbbbs— 

Mr.  D.  FsBGUSSOK,  Harrington  CoUiery,  Cnmberbind. 
Mr.  Benjamin  Tyzack,  Preston  Road.  North  Shields. 
Mr.  Fbank  Murbay  Still,  3,  Queen  Street,  Cheapside,  London. 
Mr.  Chables  Fbedebick  Wobmald,  Cement  Manufacturer,  Cross  House, 
Corbridge. 

Students — 

Mr.  Bevjahin  McLaben,  Bedlington. 

Mr.  William  Hay,  Jud.,  Nostell  Colliery,  Wakefield. 

The  following  were  nominated  for  election : — 
Associatb  Mbhbebs— 

Mb.  Lawbencb  W.  Adamson,  Whitley  House,  Wliitley,  Northumberland. 
Mr.  Jacob  Wallau,  Messrs.  Black,  Hawthorn,  &  Co.,  Gateshead. 

Student — 
Mr.  Matthew  Babbass,  Tudlioe  Colliery,  Spennymoor. 


The  Secretary  read  the  following  paper  by  Mr.  W.  F.  Hall, "  On  the 
Haswell  Mechanical  Coal-getter :  an  Invention  for  Working  Coal  with- 
ont  the  aid  of  Gunpowder  or  other  Explosives :" — 

yoL.  xxxiii.— iRBi.  F 
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THK  OASWELL  MECHANICAL  COAL-GETTER:  AN  I!IVEN- 
TION  FOE  WORKIXG  COAL  WITHOUT  THE  AID  OF 
GUNPOWDER  OR  OTHER  EXPLOSIVES. 

By  W.  F.  HALI,. 


Coal  mining,  understood  in  its  restricted  sense  of  working  the  coal, 
diflcra  considcrabiy  io  the  methods  employed,  nnd  the  extent  to  which 
manual  labonr,  directly  applied,  must  be  auppleraented  by  other  and  more 
powerful  means. 

This  is  true  of  any  one  seam  in  a  colliery,  and  it  ia  much  more  bo  from 
the  difference  of  the  coal  seams  in  the  same  colliery,  or  of  t!ie  same  coal 
in  diOerent  parts  of  a  district;  while  at  the  same  time  each  district  pre- 
sents its  own  problem  in  the  nature  and  [Wsition  of  the  coal  to  be  won. 
But  by  far  the  principal  operation  in  all  (siscb  is  the  brciiking  down,  or  it 
may  be  the  breaking  up,  of  the  coal  after  a  space  has  been  made  at  the 
top  or  bottom  of  the  seam  for  this  purpose. 

By  vorking  the  coal  in  a  manner  to  take  the  fnlleBt  advantage  of  the 
natural  lines  of  clcavnge  the  additional  aid  required  Is  minimized,  and  in 
some  ciises  altogether  dispensed  with;  but  even  in  these  favour.iblo  cases 
the  mine  has  to  be  laid  out  systematically  to  secure  this  advantage ;  and 
to  do  so  a  portion  of  the  coal  mast  be  n'on  under  circamstanccs  which 
require  eitraneous  help,  as  in  headways  courses,  winnings,  walls,  and 
croBsciitB.  But  in  gonernl  not  merely  the  developing  stages  have  to  be 
assisted,  but  the  process  throughout  calls  for  the  operation  of  other  forces 
than  merely  the  hewer's  unaided  strength  and  skill. 

The  genera!  use  of  gunpowder  and  other  explosives  in  coal  raining  haa, 
therefore,  not  arisen  so  much  from  choice  as  from  the  absence  of  any  other 
agent  so  efficient,  cither  chemical  or  mechanical;  and  were  it  not  for  the 
serious  defects  that  arc  developed  in  its  use,  probably  it  would  loogmaiu- 
taiD  its  position.  Unfortunately  these  defects  are  too  great  to  be  over- 
looked. 

The  first  charge  against  it  ia  that  it  shatters  the  coal,  producing  a 
-  large  percentage  of  small,  and  affecting  the  cohesion  of  the  round  to  such 
an  extent  that  it  falls  to  pieces  in  traosit,  and  la  thereby  materially 
reduced  in  value. 
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The  second  is  thnt  it  vitiiitea  tho  atmoaphere  in  which  the  miner  has 
to  work.  The  grains  of  Bolid  powder  when  exploded  suddenly  resolve 
thcmaclvea  into  a  Tolmne  of  gas  that  ia  inimical  to  hnman  life.  If  the 
explosion  takes  place  in  the  open  air,  the  action  of  natural  laws  would 
Boon  restore  a  healthy  atmosphere;  but  asit  is,  a  further  burden  is  thrown 
upon  a  complicated  nnd  cxpenstre  system  of  ventilation  which  can  ill 
afford  the  additional  task. 

But  the  most  Ecrions  charge  of  all  is  that  it,  (ends  to  increase  the 
possibility  of  a  colliery  explosion.  This  is  the  worst  form  of  evil  that  can 
overtake  a  mining  engineer;  but  happily  it  is  rare,  when  the  vast  opera- 
tions that  are  going  on  are  taken  into  consideration.  Still,  every  care  is 
re<inired,  and  it  is  the  interest  of  all  concerned  to  reduce  the  risk  to  the 
lowest  factor. 

The  tendency  to  regard  gunpowder  as  an  element  of  danger  in  a 
coal  mine,  ha^i  of  late  increased  to  such  an  extent  as  to  cause  those 
interested  to  look  with  some  concern  npon  the  future.  The  number  of 
restrictions  and  rcgnlationa  which  official  authority  has  imposed  upon  its 
DSC,  and  is  still  imposing,  mark  that  tendency  very  clearly ;  and  it  is  felt 
that  if  this  is  carried  much  further,  large  areos  of  coal  will  be  rendered 
unprofitable  to  work,  unless  some  efficient  substitute  is  found. 

On  these  grounds  the  writer  aaka  the  patient  consideration  of  an 
invention  which  he  hopes  may  prove  of  semce  to  the  coal  mining  indnstjy, 
by  largely,  if  not  entirely,  taking  the  placcof  gunpowder  in  working  coal 

The  Haswell  Mechanical  Coal-Getter,  shown  in  Plate  I.,  figs.  I,  2,  S, 
4,  and  5,  is  a  combination  of  screw,  lever,  and  wedge,  e  e,  figs.  3  and  4, 
arc  two  expanding  blocks;  /  is  a  wedge  to  expand  them;  g  is  a  bar  for 
thrusting  in  the  wedge;  h  h  are  straps  uniting  each  end  of  the  machine 
together,whichcanbediseonncctedat  the  coupling  bos  t,  fig.  2;  kkkkma 
four  pairs  of  links ;  the  front  pair  are  connected  by  a  pin  p  to  the  straps 
hh;  and  the  other  pair  next  the  face  of  the  coal  are  connected  to  a 
movable  block  or  crosshead  I,  thrusting  against  the  bar  g,  in  contact 
with  the  wedge/.  The  screw  m,  fig.  1,  works  in  a  nut  at  w.  and  in  a  loose 
collar  at  6,  and  when  made  to  turn  by  a  ratchet  brace  attached  to  the 
square  end  «i,  it  brings  the  lovers  k  together  and  forces  the  rod  g  and 
wedge/into  the  blucks  ee. 

Fii^m  the  above  description  of  the  madiine  it  will  be  seen  that  tlie 
bursting  action  is  accomplished  by  a  wedge,  as  in  the  old  "stub  and 
feather,"  to  which  it  has  been  compared;  and  in  this,  as  in  the  old  instrn- 
ment,  the  initial  power  which  drives  the  wedge  is  manual  force.  But  beyond 
these  two  simple  facia  oil  rcEemhlante  ceases  ;  for  while  in  the  oni 
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the  man's  power  wns  measured  hv  the  amount  offeree  he  could  deliver  in  the 
blow  of  a  mallet,  in  tliis  uHse  his  force  is  iromensely  nmllipHcd  by  a 
special  combination  of  mechanical  forcca.  Further,  the  hun-ting  action 
of  the  wedge  in  the  old  icBtrument  commenced  at  the  fjice  of  the  jud 
where  it  was  least  required.  This  increased  its  inefBciency  by  breaking 
away  the  front  of  the  coal,  which  ought  to  have  rcmnined  to  nssiBt  in 
bringing  down  the  jud  in  a  body  to  the  back  of  the  kirving  by  its  weight 
and  leverage.  In  the  caac  of  this  machine,  tbe  bursting  furce  is  placed 
&t  ttie  vei7  point  where  of  all  others  it  can  be  most  effective,  and  where 
it  cnmmanda  every  advantnge  that  can  be  gained  in  the  operation,  with- 
out a  single  drawback  in  regard  to  position. 

Appended  to  this  paper  is  an  account  of  a  number  of  eiperimenta  made 
in  the  Low  Main  Seam  at  Haswell  Colliery  in  the  presence  of  various  mining 
engineers.  These  accounta  are  taken  from  the  notes  made  by  one  of 
the  party  at  the  time,  and  in  most  cases  have  been  compiled  by  the  person 
who  took  the  notes.  It  in  further  to  be  observed  that  these  eipcriments 
were  not  made  specially  in  carefully  selected  and  prepared  places,  but  were 
made  while  following  the  daily  routine  of  work  done  by  the  machine. 

The  Low  Main  Peam  at  Haswell  Colliery  is  a  hard  st«am  coal  from 
3  feet  4  incbcB  to  3  feet  5  inches  thick,  and  is  found  at  about  135  fathoms 
below  the  surface.  The  record  gives  a  list  of  twelve  jiids  taken  down  in 
long- wall  working,  and  Ihe  length  of  juds  range  from  21  to  33  feet,  with  u 
kirving  of  from  3  feet  i  inches  to  3  feet  C  inches,  giving  an  average  on 
the  twelve  juds  of  S6  feet  by  S  feet  5  inches,  In  each  case,  as  is  usual, 
the  jnd  has  one  loose  end. 

The  mode  of  operation  in  ordinaiy  cases  is  to  bore  a  hole  about  4  inches 
from  the  roof,  and  at  from  3  to  5  feet  from  the  fast  side,  after  the  coal  has 
been  kin'ed  by  the  hewer.  This  gives  a  length  of  above  20  feet  of  coal, 
along  which  the  bursting  force  must  travel  before  it  reaches  the  loose  end. 
The  straps  are  first  put  into  the  hole,  followed  by  the  blocks  and  the  wedge, 
each  of  which  arc  firmly  driven  home  by  the  wedge  bar  before  it  is  put 
into  its  position  against  tbe  wedge.  The  machine  is  then  linked  upon  the 
straps,  and  a  few  turns  of  tbe  screw  secures  the  whole  firmly  in  position. 
All  this  is  the  work  of  a  iew  minutes.  The  sprags  are  then  looked  after, 
if  not  ali'eady  in  their  place;  for  on  the  judicious  manipulation  of  sprags 
much  of  the  success  depends.  The  duty  of  the  sprags  is  to  assist  the 
motion  of  the  force  along  the  jud  from  the  machine  to  the  loose  end,  as 
the  action  of  the  machine  nt  a  distance  of  above  20  feet  depends  on  the 
cohesion  of  the  coal  being  maintained  throughout  iho  jud.  This  explitins 
Ihe  reason  why  in  one  case  (No.  5  experiment)  two  holes  were  put  in, 
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the  unity  of  the  coal  having  been  broken  np  by  a  hitch.  Although  the 
time  ia  given  in  each  case — and  though  a  typical  case  will  not  last  more  than 
twelve  minutes  (see  eiperiment  No.  9) — jot  the  work  ia  not  a  question  of 
Bpccd,  for  it  is  well  understood  by  practical  mioera  that  time  must  be  given 
for  the  coal  to  work.  After  seeing  that  the  sprags  are  all  right,  the  work- 
man placea  himself  at  the  ratchet  and  alternately  screws  and  panaes  as  in  his 
judgment  the  case  requires.  After  the  first  cracking  Bounds  are  heard 
the  bnrden  of  screwing  is  lightened;  and  when  it  has  reached  the  loose  end, 
the  "  wedger"  knows  that  his  work  is  done.  He  then  knocks  out  the 
eprags,  when  the  jnd  comes  away  in  a  mass,  breaking  into  large  pieces  as 
it  falls. 

Wide  boards  have  also  been  regularly  worked  with  the  machine  in  the 
Low  Main  Seam  at  Haswell  Colliery;  and  Nob.  H  and  10  experiments  muy 
be  taken  as  fairly  representing  the  results.  The  boords  are  IC  and  18  feet 
wide;  and  are  kirved  in  3  feet  6  inches  and  3  feet  4  inches  deep  respec- 
tively. A  hole  is  bored  nt  the  top  of  the  jnd  abont  2  feet  from  each  fast 
side,  and  sprags  are  used.  A  machine  is  put  into  each  hole,  and  if  in  the 
judgment  of  the  operator  the  jud  ib  more  likely  to  work  from  one  side  than 
the  otlicr,  that  side  is  pushed  away  first;  then  the  machines  are  worked 
alternately  until  the  coal  is  brought  down.  In  these  two  cases  the  time 
was  twenty-seven  and  twenty-nine  minutes  respectively. 

Experiment  No,  16  ehowa  a  headways  place  taken  down.  It  wa 
feet  wide  and  kirved  in  3  feet  6  inches.  Three  holes  were  bored  in  the 
jnd — one  at  each  fast  side  and  one  in  the  middle.  The  machines  were  put 
into  the  right  hand  and  middle,  or  Nos.  2  and  3  holes.  Alter  twenty- 
seveu  and  a  half  minutes'  operation  the  notes  say: — "The  whole  of  the 
coal  from  right-hand  nook  up  to  No.  1  hole  fell  down,  and  the  remainder 
to  left  nook  loosened,  so  that  it  was  easily  pulled  down." 

Since  then  most  of  the  headways  places  have  been  worked  similarly  to 
boards,  that  is,  with  two  holes  only. 

In  some  collieries  it  is  more  convenient  and  economical  to  kirve  at  the 
ti.ip  or  middle  of  the  scam,  and  break  up  the  coal  by  explosives.  In  view 
of  this,  experiments  were  tried  in  the  Low  Main  and  Main  Coal  Scams  at 
Uasivcll  Colliery  to  raise  the  jud  instead  of  breaking  it  down.  Nos.  17 
and  18  experiments  refer  to  this. 

Experiment  No.  17,  Low  Main  Seam. — The  coal  was  kirved  at  the  lop 
of  the  seam,  and  a  hole  drilled  for  the  machine  in  the  bottom,  at  about  the 
middle  of  the  jud.  The  whole  of  the  coal  was  lifted  square  off  by  the 
back  of  the  jud  tapering  away  a  little  at  the  fast  side.    Length  of  jud  18  feet. 

Experiment  No.  18,  Main  Coal  Seam. — In  this  experiment  the  kirving 
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was  in  a  1  foot  G  inch  ramble,  which  was  kirved  3  feet  in.  The  holes 
for  the  machine  were  drilled  at  the  bottom.  The  first  two  holes  were 
pnt  ID  next  the  loose  side,  and  two  machines  were  worked  aimnltaneouBly, 
when  the  coal  was  lifted  to  within  three  yards  of  the  fiiat  aide.  Another 
hole  wae  then  put  in  one  yard  from  the  fast  side,  which  lifted  the 
remainder  of  the  jnd.  The  coal  next  the  ramble  is  a  little  tender,  and 
in  ordinary  working  yields  too  ranch  small;  but  in  this  experiment  it 
was  found  to  come  away  in  lai^  pieces  without  any  waste.  Tot.il  length 
of  jud  30  feet. 

The  machine  is  in  regnlar  use  at  Ryhope  Colliery  taking  down  top 
candies,  or  lifting  bottom  ones.  No.  19  is  one  of  the  earliest  of  the 
experiments  made  there  in  stone  canches.  The  trial  waa  in  grey  metal 
with  iron  girdlea,  to  make  wagonivay  height.  The  canch  was  24  inches 
thick  by  8  feet  6  inches  wide.  A  plank  was  fised,  by  two  props,  under- 
neath the  line  of  hole  before  wedging  commenced.  The  hole  naa  bored 
3  feet  2  inchea  deep.  After  forcing  the  wedge  up  to  its  full  estent  the 
props  were  withdrawn,  when  a  large  quantity  of  the  atone  came  down, 
the  remainder  hanging  ready  for  pinching  down.  This  cleared  a  space 
6  feet  in  length  by  8  Feet  in  width.  Time  occupied  in  boring  and 
wedging  aeventy-five  miniitea. 

Experiment  No.  20  shows  similar  good  eSecta  in  bottom  canches. 

The  same  method  of  work  will  apply  in  long-wall  gateways. 

The  question  of  coat  of  operation  depends  largely  on  the  nature  of 
the  coal  and  the  thickness  of  the  aeam,  but  it  will  be  found  to  compare 
favonrobly  Tpith  gunpowder,  the  cheapest  of  all  present  agencies.  In  a 
colliery  where  the  machines  are  put  into  regular  and  systematic  use,  it 
will  be  fonnd  adTiaable  to  divide  the  work  between  the  hewer  and  the  man 
with  the  machine,  who  may  be  called  the  "wedger,"  as  follows : — 

The  hewer  will  prepare  the  jud  by  kirving  it,  and  afterwards  fill  the 
coala.  The  "wedger"  will  follow  round  as  the  juds  are  prepai'ed,  drill 
hie  holes,  and  wedge  down  the  coal.  In  this  way  a  man  becomes 
familiar  with  the  machine,  acquires  the  "knack"  of  caing  it  to  purpose, 
and  obtains  the  best  ix'sults.  In  a  thin  Beam  like  the  Low  Main  at 
Haswell  a  "wedger"  will  bring  down  above  40  tons  per  shift.  In  a 
thicker  seam  the  quantity  would  be  proportionately  more,  and  the  costj 
therefore,  less.  By  dividing  the  "wedger'a"  wage  by  the  coal  produced, 
the  cost  per  ton  ia  arrived  at.  This  must  be  compared  with  the  value  of 
the  time  occupied  by  the  hewer  in  driUing  his  holes,  and  the  gunpowder 
he  Dsea. 

The  condition  of  the  coal  obtained  by  thia  process  is  all  that  can  be 
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desired,  tlulikc  the  action  of  gunpowder,  which  spends  ita  force  in  a 
Bud<lea  shock,  in  this  case  the  btiratiD^  power  is  applied  graduallj, 
and  to  the  extent  desired,  so  that  the  main  lines  of  cleavage  are  alone 
atTected.  and  the  d^al  is  found  in  large,  square  and  unshattercd  blocks. 
Nut  merely  is  there  a  less  percentage  of  amatl,  but  the  natural  cohesion 
of  the  ronnd  is  in  no  way  destroyed,  bo  that  it  does  not  fall  to  pieces  in 
transit  as  in  the  case  of  coal  brought  down  by  esploaives. 

The  ventilation  of  the  mine  is  also  in  no  way  affected  by  this  mode  of 
getting  coal.  This  is  the  second  point  in  which  it  contrasts  very  fiivour- 
ab!y  with  gunpowder  and  other  explosives,  the  effects  of  which  the  nTiter 
has  already  noticed. 

Other  points  of  contrast  readily  occur,  such  as  simplicity  and  safety 
of  application,  freedom  from  anxiety  as  to  storage,  absence  of  injury  to 
roof,  etc.;  but  the  one  point  which  outweighs  all  others  is  its  perfect 
immunity  from  daufier.  Without  venturing  to  express  an  opinion  as  to 
the  cause  of  colliery  explosiotis,  as  there  arc  other  soui'ces  of  danger 
besides  gunpowder,  yet  the  absence  of  explosives  in  coal  mines  would  no 
doubt  he  regarded  with  satisfaction  throughont  the  entire  mining  com- 
munity; and  if  to  attain  this,  and  the  kindred  advantage  of  an 
nnaffected  atmosphere,  some  sacrifice  was  called  for,  the  objects  to  be 
gained  would  justify  it;  but  the  trials  already  made  by  this  machine  leave 
the  hope  that  these  will  be  attained  without  snch  sacrifice,  and  an  addi- 
tional benefit  secured  of  having  a  more  marketable  coal  to  dispose  of. 

The  writer  may  be  allowed  to  add  that  this  is  in  no  sense  a  difficult 
or  complicated  machine  to  deal  with;  nor  one  that  requires  what  may 
be  called  "skilled  bonds"  to  manage  it.  Ordinary  intelligence  and  powers 
of  observation,  and  a  knowledge  of  the  mode  in  wliich  coal  works,  which 
is  fiimiliar  to  every  miner,  combined  with  ordinary  care,  is  alt  that  is 
reqaircd  in  its  use. 
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THK  HASWBLL  XBOHUTICAL  OOAL-OXTTKS, 


BASTTBLL  COLLIBBT. 

Sdxmabt  or  TBI  ExpiKiunm  madi  vitb  ihi  Huwill  Vichuiicai  Coax* 

omsB,  IK  TH>  TjOw  Uadt  Sum,  Octomb,  1889. 


^ 

i^ 

?H";^i'^ 

i 

1 

■3» 

^. 

No 

otvih. 

MIn 

Lune-wBUJDd,  loow  *t  one  eiu 

3    H 

3    6;lOi 

■i\ 

3t 

'A 

■A    « 

3    B 

H 

u 

S 

Do.                 do. 

a  (! 

3    4 

l> 

4 

Do.                 do. 

I 

■A    H 

a   H 

K 

^f\\ 

& 

Do.                do. 

iMi 

a  » 

8    6 

8± 

A  bitch  b  this  idacB,  can.. 

« 

Do.                do. 

27 

»    H 

8    ft 

fif 

17 

7 

Do.                do. 

24 

»« 

3   6 

Si 

44 

Tbo  scam  ii>e«  1  in  24 
from  the  hole,  proTent- 
ing     tbe    coal    coming 

B 

Board,  fiut  at  each  >1do        ...1  16 

3    H 

.1    ti 

fi 

H7 

9!  Lonc.-oUiad,  loosest  oneond'  27 

3    613    4 

H 

\'i 

lOl  Uoard,  fast  at  both  ends        ...1  Id 

•i 

3    8    3    4 

S 

m 

11 

LoEg.«-alljod.lnose>.tonoend;  21! 

fi 

"H 

3    R 

•A    4 

in 

Do.                   do. 

24 

3    !) 

3  r. 

7 

1U 

u 

Da                   do. 

27' 

1 

3   !) 

3    R 

M 

zi» 

lA 

Board,  r«t  at  each  side 

Ifi 

a  H 

a  *i 

I. 

m 

a  H 

« 

27^ 

17 

Lont(-WBll  juJ,lnoseat  one  end 
/■  Maim  Coal— 

U   3 

8    ti 

Kirved  in  top  of  warn, 
bole  in  hottom.  The 
whole  of  tbe  coal  was 
lifted  tiibacic  of  ind. 

18 

Long-waU  jnd.  loou  at  one  end 

30 

3 

3    2 

3    0 

RirvedinlSin  of  ramble, 
above  the  Beam.  Tliree 
holes  at  bnltom.  lifting 

I» 

BllthecoaltobMltDfjud. 

SO              Do.            «iperimenb  in  »tggat  e1>y  atone  i  taking  up  bottom  otuch  for  wtgon-  1 

1                               «yhoigl.t                                                                                       1 

TW.  ZSXIII.-MN. 


THE  H4SWELL  MECHANICAL  COAL-GETTEE, 

EXPERIHEKT  No.  1. 

Low  MAIM  SiAV.  HiBWBLL  Cotuiir. 

Fi^.  1. 


Height  ot  *eani        

Length  of  face        

IHatance  of  liolo  from  fut  end 

Depth  of  hjle  

Depth  of  kirving     


\ll  Jud,  loote  at  rigkt  »iid.     0»*  mackiiit^koU. 

3     4       Height  of  kirving  in  front,,.         ...     1    *  | 

as     0       Uaptli  of  coal  hrougbt  duwn  at  fut 

end     a    «J 

Do.  *t  loowend 


S    6 


Cominenced  to  Mt  maehine  ...  1  19 

Coinioenced  to  icrew 

Stopped  to  advance  machine 

Beconi  in  en  ci-d  Bc  rowing' 

Preasurc    heavy    to    work    (2    men 

BcrewinK)  co«l  "orking;  ...  ...   1  26 

Coat  brought  down,  10 J  tol 


.  1  23; 


Machine   tigbtCT  to  work   (1  man 
■crowing)  1  ST  4 

Stopped  to  advance  machina  Mcood  | 

time  1  3>   L 

Recommenced  wrc wing      1  S44,] 

Ual  all  down  1  W    f 

;  time  occDpicd,  El  minuto. 


BXPEEIMENT  No.  2. 
Low  Main  Sbah,  Huwiu  COUJUT. 


Flf.2. 


Height  of 

Length  of  face         

Diotance  of  hole  from  fast  end 

Depth  of  hole  

Depth  of  kirviog     


^^^^^B                      THE  HASWELL  UECHAKICAF.  C0AL-(3ETTRB. 

46    ^^^H 

^^^^Hj                          EXPERIMENT  No.  S.-CoNTunjBD. 

^^^M 

^^^^^ 

^^^H 

ComiDPnced  to  icrev           164 

Coal  working            

Ceased  screwing        

Knocked  chocks  out 
Stopped  to  advance  macbine 
Kccammenced  screwing 
Ceised    screwing;    coal    all 
prised  the  onal  down  with 
Coal  all  down           

^1 

■ 
■ 

...     2  10                    ■ 

...     2  12                    ■ 

given!                               H 

a  plate    2  13                    ■ 

...     S  16                ^1 

1              ing             1  57 

■     Cral  workini;             158 

^a  Cool  working            2    0 

^B  Sl4>pp»d  to  Bdvanec  mHCbme  second 
■•       time             3     8 

■                               Coul  bnoRbt  down,  6J  toni ;  time  oceapied,  22  minutei. 

J 

^H                                          EIPEBIHBNT  No.  3.     (See  Fig  1.) 

^fl 

^P                                    Lot  MiiH  Sbak,  Haswill  CoLUBsr. 

^^^^H 

B                                   Lons-oall  J,d.  hoMe  at  right  tnd.     Ont  maehint  hoU. 

V 

W    HeiphtofsBua         'si '4 

\r      L*ngtlioffM«          20     S 

DUtwicG  of  hole  from  fMt  end     ...    4    0 

Depth  of  hole          3    S 

Depth  of  kirviDR 8    4 

Height  of  kirving  in  front  .. 
Depth  of  ci«l  brought  d.iwn 

Do.at  looMsnd   ... 

Ft  la.                      ^1 
..     1     4                     H 

at  fast                               ■ 

Tim. 

S 

CommcncHl  to  Krew            2  34        Conl  working  how 

8top|*d  to  »d™nce  macliinc          ...     2  23       Coai  all  down           

ninEtoork         2  29 

Coftl  bronght  dotm,  6}  torn ;  time  occupied.  6)  minutes. 

1 

H 

EXPERIMENT  No.  4.     (See  Fig.  2.) 

^J 

Low  Maih  Sbak.  Habwbll  Coluibt. 

^^^^M 

LDng-vall  J„d,  loote  at  Uft  nd.     One  macMie  AoU. 

^^^^M 

PV  In. 

Brightof««m        3    4 

Lengtbof  t.«          21    0 

J)i.Unoe  of  hole  from  fMt  end      -..     3     0 

Pcpthofholo           8    8 

Depth  0*  kirring     3    S 

Height  ofkir^'ing  in  front.. 
Depth  of  cnal  bronght  down 

end        

Do.  at  loose  end 

la.      ^^^^^H 

...      I     4                    ^M 

tt  fast                               ■ 

...     3    6                   H 

...     3                         H 

Arrircd  in  place       a"?? 

Stopped  M  Mli-ftncn  machine          ...     2  43 
CoJ  working             2  46 

Slopped  t-.  advance  machine 

Cool  working           

Coal  all  down             

wcond  ""^                     .fl 

..  2  4B                   ^M 

2  52{                 ^1 

...  2  631    ^^^M 

^M                            Coal  bronght  down,  61  tons  1  time  eccniiicd,  16i  minutci. 

J 

THE  IIASWELL  MBCHASiCAL  COAL-OETTEE, 


KXPEKIMEST  No.  5. 
Iiow  Ma IX  Seam.  HiiWBi.L  Ccillibxt. 


SECTiON 
Long-wait  Jud,  loote  at  rigit  tnd.     Tteo  maeki»e  ioUi. 


Height  of  waul  3  i 

Length  at  tux  ^  6 

DiaUnre  of  hole  No.  I  from  fut  end    3  0 

Do.  do.  No.  2    „  looaecnd  10  6 

Depth  of  hole* 3  8 


Depth  of  kirving 

Height  of  kirving  in  front... 
Depth  nf  cool  brought  down  U 

Da.  >t  looK  end 


Commenced  to  scrow 
Ccol  workiug 
Coal  set  oS 
IS(j>ppei1  tn  advance  n 
Beixiinmenced  screw i 
Working  slon-,  coal  • 

Cokl  down 

Machiuo  oD  to  tram  i 


jrkiug  freelv  12  bOi 

12  52 

dd  »ent  away  la  67 


yo.  2  EoU. 
Commenceil  to  Bcrcw 

Coal  wt  off  

Stopped  to  advance  machine 


.  IS  45 
.  IE  46 
.  12  47 
...  12  49 


Standing  wsitingforNo.lmacMne  12  60 
Iti^commeDcod  acrewing,  coal  work- 
ing frevly             IZ  61}    I 

Coal  all  down         12  »      ' 


Five  apragif  used. 
0  holea  H'cro  put  in  thia  place 


wiM  the  atep  or  hitch  eltowri  it 


EXPERIMENT  Ko.  6.     (See  Fig.  1.) 
Low  Mii!t  Seam,  Habweli.  Coluebi. 

Long-mail  Jud,  loou  at  rigkt  eaJ.     On*  morAine  hoU. 


Height  of  seam 

Length  of  face         

Kstance  of  hole  from  faat  end 
Depth  of  bole 

Depth  of  kirring     

Height  of  kirving  in  front, ., 


PLIB. 

.     8     4 

.  27     0 


Depth  nf  coal  broaght  down  ai 


THK  HASWELL  MECHANICAL  COAIi-GETTER. 
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EXPERIMENT  No.  6.— Continued. 


Time. 


p.111. 
...     1     0 

Commenoed  to  screw 

...     1    3 

Cc»l  working         

...     1    4 

Stopped  to  tdTsoce  machine 

...     1    9 

Reocmmienced  screwing    ... 

...     1  10 

Coal  working  freeljr 

...  1  m 

9.m. 


down 
Left  place 


Coal  brought  down,  8i  tons. 

Time  ocenined  removing  from  last  place 

Do.  in  getting  coal  down      

Do.  in  taking  down  and  removing  machine 

Total 

Six  .sprags  used. 


Sprags  removed,  in  meantime  ma- 
chine standing      1  16 

Recommenced    screwing,    and  coal 


1  17 
1  20 


Sminntet. 
17      „ 
3 


23 


*» 


»» 


EXPERIMENT  No.  7.      (See  Fig.  2.) 

Low  Main  Seam,  Haswbll  Colliery. 

Long-wall  Judy  loose  at  left  end.     One  machine  hole. 


Height  of  seam        

Length  of  face         

Distance  of  hole  from  fast  end 

Depth  of  hole  

Depth  of  kirving     


Ft.  In. 
3    4 

24  0 
3  6 
3  8 
3    G 


Ft.  In. 

Height  of  kirving  in  front 1     5 

Depth  of  coal  brought  down  at  fast 

end         ...         ...         ...         ...     3    o 

Do.  at  loose  end 3    6 


Time. 


Arrived  in  place       

Commenced  to  screw 

Coal  working  

Stopped  to  advance  machine 
Recommenced  screwing 


ixm. 
...  1  23 
...  1  26 
...  1  28 
...  1  32^ 
...  1  34 


Stopped  to  advance  machine  second 
vime  ...         ...         ...  ...x  ^fij 

Recommenced  screwing      1  41^ 

Chocks  drawn  1  46 


Machine  full  up       

Machine  out;  coal  still  up,  but 
broken  and  ready  to  come  down 
(some  time  lost  in  seeking  a  com- 
mon wedgpe)  

Commenced    to   drive   in    common 

*•  wUflbV  •«•  ••■  •••  ••• 

Coal  all  down  


Coal  brought  down,  8i  tons. 

Time  occupied  in  removing  from  last  place,  142  yards 
Do.  getting  coal  down      

X  OUftl  ...  ... 

Four  sprags  used. 


3  minutes. 
44      „ 


4,1 


>» 


1  47 


1  50 


2 
2 


0 

7 


N.B. — In  consequence  of  seam  rising  at  1  in  24  from  machine  to  loose  end,  the  coal  did 
not  work  freely. 


THE  HASWELI.  MECHANICAL  COAL-OETTEH. 


Tis.4. 


Board  or  Drift,  fait  at  hoik  endt.     Two  madine  kola. 


Heif-ht  of  HSTn        

Lengtii  of  f  ao<         

Uiitancc  of  hold  from  right  side   , 
Do.  left  aide     . 

Depth  of  holes         

Dcpth'of  kirving      


SU>pp<?d  to  advHDce  machine;   ccmI 

broken        .,  ...  2  21 

R«cnmineiiced  acrewing      ...         ...  2  23 

Stopped  to  ulTance  machine  Mcond 

time  2  2» 

R«eoinnienced  torewing      1  30^ 

Haabine  vp;  eo»l  giTen  all  terots 

tu»  2  82} 

Coal  broDght  dawn,  5  torn; 


yo.  S  BbU. 

Commenced  Bcrewine 

Co«l  worVins  

Stopped  to  ailvance  marliine 
Rccommercrd  tcrewing 
Coal  down      


.  2  33 
.  2  34 
.  2  3£ 

2  37t 
.  2  43 


time  occapied,  27  minnte*. 


EXPERIMENT  No.  9.    (See  Fig.  1.) 
Low  Maix  Seiv,  Haswbll  Collubt. 

Long-vsall  Jud,  tooie  al  rigkl  end.     Out  maehine  Avie. 


Height  of  avam        

Length  of  fiice         

Dirtance  of  hole  from  fast  end 

Depth  of  hole  

Depth  of  kirving     


Commenced  to  B 

Stopped  to  adva 
Bccommenced  U 


Stopped  to  advance  machine  leeond 


1  10        Coal  down 


.  1  15 
.  1  15J 
.  1  19 


^^^^^H                       THB  KASWBLL  UECBANICIL  COAL-QETTKB, 

^H 

^^^^^H                          EXPEBIMENT  No.  10.     (See  Fig.  4.) 

^^^H 

^^^^^^^J                      Low  MiiH  Seam.  Ha9wbu.  Collirbt. 

^^^^1 

^^^^B                           BoarJ,  fait  at  hath  end,.     Two  mackint  kola. 

^^^^H 

V                                                                           Ft.  tn- 

■  Beight  of  seam        3    4 

H       LvngUi  of  face         18     0 

■  Di»t.ueeofholeNo.lfroiuWt.ido    2    0 
H                Do.           No.  3  from  right  side   B    0 

■  Depthofholaa         3    8 

H      Depth  of  kirving 3    4 

Ht-iglit  of  kirving  in  front.. 
DtiJth  of  coal  brought  down 

side        

D».  at  left  lids 

Do.  at  centre        

PI.  la.                      ^H 

1 

H                                                                         Tub. 

H 

^B                                  Ac.  1  HoU.                    p.m. 

^^      Stuppeil  to  viit  HcoDd  niacliinc  into 

Advanced  macbme 2    1 

Reonmnenced  wre«ing       2     2^ 

St'ipiw'd  to  sdvBDUc  macliirio  second 

time           2  10 

Bi-coinmciiced  icrewingt      3  13 

Cad  down 2  16 

A'o.  2  mu. 

Comraenced  to  screw 
Stopped  to  advance  maeliine 

Stopped  to  advance  machine 
Coal  down 

1 

0           ■ 
2           ^1 

second                             ^1 

■ 

..  2  10                   ^M 

Coftl  brought  down,  E]  tons ;  time  occupiLd,  29  minutei. 

^^M 

^P                                           EXPERIMENT  No.  11.     (Seo  Fig,  2.) 

I^^H 

^f                                            Low  Mils  Skik.  Haswell  Collibht. 

^^ 

H                                    Long-wall  Jud.  loo.e  al  hjl  tnd.     Om  maeiitt  hoU. 

M        Height  of  s«.m        ^V\ 

L«(iK»h  nf  focu        21     9 

Di.t«nM  of  holo  from  ful  ond      ...    3    6 

Depth  of  hole          3    G 

D^th  of  kirving     3    4 

Heiglitotkiivinginfront., 
IJoplh  of  coal  brought  down 

Do.  at  loose  end 

.,    i  G 

at  fast 

...   a  4 

...     8    4 

^                                                         Muhiue  in  hole. 

^1 

Coal  working             12  ZS        Stopped  screwing 

Oulactoff 12  28       Coaldldown         

Stopt^Hl  luadvsnee  inuhina          ...  12  29 

...  1^-30* 

...  12  3H 
...  12  381 

_                                   Coul  brought  down,  H)  tons;  time  occupied  ISJ  minute.. 

H                                              EXPERIMENT  No.  12.     (Sec  Fig.  1.) 

^H                                        Low  Main  Sbau,  HAawsu.  Colliebt. 

^H                                 Long-xeall  J»d,  loot  at  riffkt  end.     One  tnacAine  Aob. 

■                                                                                          PL  In.                                                                                          n.!..                       ^ 

HeightofMun        8    G       Height  of  kirving  in  front 16                 ■ 

Length  of  face        Zi    0       Depth  of  ccid  brought  down  at  fut                            ■ 

DisUnce  or  hole  from  fast  end      ...     3    6               end        34                 H 

Depth  of  bole          3    6           Do.  at  loose  end 2    7                  ■ 

L           J 

TBB  HA8WE1,L  MBOHANICAI.  COAL-GKTTEE, 


1     *                             EXPERIHENT  No.  12.-CoKTiNrEi>.                       ^^M 

1 

TIKB.                                                             ^^1 

Coal  workiuK         

Stepped  to  ttilrtnce  niscliine 
Rccoinmeneed  to  icrew     ... 
CoalwtofT 

.„  iHl         Stopped  to  France  mw-hm.  second 
,.  13  55      1       time         1  13 

...13  57         Rccmnmerictd  to  wren-     116 

.,     I     3i    '    Stopped  brewing I  19| 

...     1     6|        CuAlBlldown         1  30 

Co&l  brought  down,  Ti  tona;  time  occupied,  35  minutes. 

N.D. — In  eipUtuition  of  the  long  time  occnpiod,  it  maj  be  «tAt«d  tliat  at  tlie  loose  end    ' 

there  Wit  a  "  roll"  in  thu  ruof ,  mnliiiig  a  very  fiut  top ;  and  tt'hen  thu  toal  wa!  got  down    | 

there  vm  found  in  the  fut  nook  a  cruu  "  back"  which  hold  the  coal. 


EXPERIMENT  Xo.  13.    (See  Fir.  1.) 
Low  Main  Seam,  Kaswell  Collibrt. 

Long-Kail  Jud,  looie  at  right  tnd.     One  maeiiiu  kale. 


Height  of  Beam  

length  of  face         

Diitancc  of  hole  from  fust  etid 

Deptliofholo  

Depth  of  kirving    


Commenced  to  net  machine 
Commenced  to  screw 
Stopped  to  advance  machine 
Recommenced  to  screw 


Stopped  to  advance  machine  aeeond 


Coal  brought  down,  7^  t< 


EXPERIMENT  No.  14.  (See  Fig  3.) 
Low  Main  Seam.  Habwell  Colliebt. 
■  icalC  Jud,  loose  at  le/l  end.     One  machine  hole. 


Length  of  fnce 

Distance  of  hole  from  fait  ei 

Depth  of  hole         

Depth  of  kirring     


Uachiae  arrircd  in  place  ... 
Commenced  to  erect  machine 
Commenced  to  screH* 

Coal  working  

Stopped  to  advance  machine 
Recomraenced  to  icrcw 


Hi 

-155t 

.  I  SB! 

.  2    6 

Coal  brought  down.  S)  t. 


Back  of  lining  fell  awaj 2 

■Stopped  ta  advance  macliinc.  second 

time  a 

Recommenced  to  screw        2 

Stopped  screwing  to  draw  spra$;i  ...  2 
Ciwl  all  down  3 


lU 


at  right  anglti  to  elral  of  coal,     Tvo  matiiike  ko\*i. 


Height  of  seam        

Iisn^gth  uf  faoe  id     tj 

Didance  of  No.  1  bide  from  left  aide    1  11 
Do.       Nu,2       do.      right  >iJc  2    0 

Depth  of  hulc  3    9 

Deptb  of  kirving     3    6 


Height  of  kirving  in  front... 

Depth  of  ci«1  brought  i)r>u'ii 

fut  aide  

Do.  right  fut  »do 

Do.  centre 


Two  mnehincs  nmved  in  place  ...  2  30 
Comroenced  lo  erect  machine  in  No. 

1  hole  [No.  1  machine) 2  36 

Cummenixd  \o  erect  machine  in  No. 

2  liole  (No.  2  machine) 2  38 

Commenced  to  screw  No.  1  ...  2  41 

Screwing  geutlj        2  4-1 

Cool  ungiiig 2  IS 

Btopped  No,  1  and  atarted  screwing 

Ho.  2         2  46 

Scren-ing  gently       E  48 

Stopped  No.  2  and  started  No.  1    ..  2  49 

Coal  rtill  aiuging      2  51 

StoppeilNo.l  toodvance  machine...  8  61^ 
Berominonceil  to  ecrow  No.  1  ...  2  53 
Stopped  No.  1  and  started  No,  2  ...   2  M 

Do.     No.  2        do.         No.  1  ...  2  E7i 

Soreving  buth  uiavLioes    2  581 

Stopped  No.  2  toadvaove  mttchiae..,  3  Oi 
Stopped  No.  1  to  advance  machine 

(econd  time  

Kscommcnecd  to  (creiT  No.  2 

Both  machines  itanding     

ScrewiDg  No.  1 
Coal  working 


'*  : 


Stopped  No.  1.  started  No.  2         , , ,  3 
Do.      No.  2,    do.      No.  1         ...  3 

Both  machiuGS  serening     3 

Do.  stopped       3 

Do.  stopped       3 

Do.  sereiving     3 

Stopped  No.  1,  strewing  No.  8      ...  3 

Both  machines  screwing     3 

Stopped  No.  2  to  advance  machine 

second  time  3 

Both   standing,  coal  falling  oS  in 

middle       ... 3 

Screwi  lift  with  No.  1 3 

Started  No.  2  3 

Stopped  No.  I  to  advance  machine 

tliirdtiioe 3 

Started  No.  1,  still  serening  with 


ing 
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\^    I    Stoi^N 


^m  Coal  worl 

^^^L  Coal,  6  tons.    Time  occupied  in  screwing  both  machines,  46  minutes. 

^^^L  Nori. — The  coal  was  not  hrongbt  down,  but  it  was  broken  along  tlie  H-hole  lii 

^^V  Itirrcd  face,  and  was  afterwards  eaailf  puUad  down  with  pick. 
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^^^^K.                                                                          ^^^^H 

^^^^^■^                                                                                                                                                 ^^^^^^1 

^^V                         «              ^^^1 

■— wiMr 

^^    ^^^^■«                ^^-A'v                  |H                  Section                  h 

Flaee,/iul  at  each  «rfe.  wo.  joms  fftad^ay,  oe  "  E»d  ob."     TArw  HiicMii*  Aolw.  '      H 

«...  ■ 

Heigbt  of  >e>m        3    4 

Depth  ofkirving     3    S    H 

Length  of  face         18    0 

Height  of  kirving  in  front ^    '     H 

MiUiice  of  Ho.  1  hole  from  left  >ide    2    B 

Depth  of  coal  broaglit  down  at  left               ^1 

Do.       No.  2      da     right  side    1     6 

faat.ide               3     «     ■ 

Do.       No.  3      do.     bothsidai    9    0 

Do.  ri({ht  Fart  «de            3     S     ■ 

Depth  of  hole          3    S 

Do.  ceutru            3    G     H 

Uochincs  brought  froin  tut  place  aud  filed  in  No>.  2  and  3  holes,  so  tluit  in  thU  (.ipcri-     H 

luent  the  luachinea  are  alluded  to  aa  Noa.  2  and  3.                                                                     H 

H 

Stopned  No.  3  lo  advance  machine              ^M 

Do.               No.  3            ...  3  63 

le^ndtime           4  10     H 

StoppedNo.2          4  10  .^H 

at  each. 

Restarted  Ko.  3        *  1*  ^H 

Coal  working           4    0 

Restarted    No.    2.    both   inachlnea           ^H 

SUipped  No.  2  to  advance  iii«'hine  4    0 

being  wrcwed       *  ^'.^H 

Stopped  No.  3  to  advance  machine  *    1 

Stopped  inachiiiet  to  draw  apraga  .,,  4  17^^H 

Part  of  face  of  coal  fell  awaj          ...  4  U^^H 

St(ippedNo.8<iiitilNo.3waareadT  4    3} 

Tlte  whole  of  the  cool  from  right            ^H 
hand  nook  np  to  No.  1  hole  Ml             ^H 

down,  and  the  remainder  to  left             ^H 

Both  being  icrcwcd             4    6^ 

no<.k  loosened,  ao  that  it  was  ouily              ^H 

pulled  do«.-n           .-.   4  1^     H 

Coal  brought  down,  6  tons ;  time  occnpied,  27}  rainotea,                                H 

Coiiaidering  that  this  wai  an  "end  on"  or  headH-ays  jihice.  and  fast  at  botb  side*,  it    ^| 

muit  be  considered  a  ver;  luccfluful  ciperimeiit.                                                                      ^M 
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EXPEBIMENi  No.  17. 
Low  Majk  Sham,  Haswkli.  C'oli 

Fit 


Beight  nf  tj».m 

Length  of  Face         

Dwtuice  of  hole  from  fast  ei 

Depth  of  hole 

Depth  of  kiiviiig     

This  «'Bi  an  eiperiinGiit  io  ItfUng  the  jnil>  ingtend  of  preuing  it  down  lu  ii  ustiiUj 
done.  The  eool  vnn  kirved  &t  the  top  of  the  ucam  and  B  hole  drilled  for  the  machine  '\a 
the  bottom,  about  the  miildlo  of  the  jud.     It  w»«  found  that  the  whole  of  the  coal  WM 

(Efted  Mjuare  ofF  bj  the  bock  of  the  jiid,  tapering  awaj  at  the  b«t  side,  u  ihova  in 
Uie  iFoDdcut. 


it  loose  end   . 


EXPERIMENT  No.  18. 
Hai>  Coal  Sbah,  Babwkll  CoLLiasr. 


Fi^.S. 


r  Height 

k  Iictigtb  of  fue         31 

K'JKiUiiioe  of  No.  1  hole  froui  loose 

I  Diituicc  of  No.  2  hole  from  louse 

I       end  I 

}  Distance  of  No.  3  hole  f njin  fnit  end 


Ui;pth  uf  liulea 

Depth  of  kirriiig 

Height  of  kirviiig  ii>  front... 

Depth  of  coal  brought  duwa 
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EXPEKIMENT  No.  18.— CowrnnnD. 

Tliii  WM  a  second  eiperiinent  in  lifting  the  jnd.  The  lirving  vu  in  1  foot  B  inchat 
of  nmble.  wliieh  vat  kirred  into  3  feet.  The  holes  for  the  Dwchine  irere  drilled  at 
the  battom.  The  lint  tiro  hole*  were  put  in  next  the  loose  side,  uul  two  innchlnes  ircre 
worked  limnltuiconBlv,  when  the  cnal  wu  lifted  to  within  three  juds  of  the  faat  tide. 
Another  hole  wiu  then  jiut  in  one  .Turd  from  fut  nide,  which  lifted  the  renlBinder  of  the  . 
jnd.  brining  it  off  &t  the  fut  aide  no  shown  in  woodeuL 

The  coal  next  the  nmble  Is  a  little  tender,  and  in  ordiiisrv  working  j^eld*  too  mueb   j 
HOkll  i  bnt  in  this  eiperiment  it  wu  found  to  eome  awaj  in  luge  piece*  without  any  t 


EXPERIMENT  No.  19. 
Rthofi  CoiaiBBT.— KxpinmnrT  madb  is  I 


Taiiiig  dovs  Top  Canekjbr  tvagonKag  httffU,     0»*  noeihw  Aob. 


nia. 

Width  of          do 

...     8    6    1 

.80 

Depth  of  hole           

...     8    2 

Machine  tried  at  top  cancli  £4  inches  thick  bj  8  feet  6  inches  wide ;  a  plank  WW  txti 
hy  two  propii  nndemeath  the  line  of  hole  before  veAgJiig  was  commenced.  The  bole  was 
bored  3  feet  2  inches  deep.  After  forcing  the  wedge  np  lo  its  full  eiteiit  the  props  were 
withdrawn,  when  a  large  quantitj  of  the  stone  came  down,  the  remainder  hanging  radj 
for  pinching  down.     This  cleared  ■  spaee  6  feet  in  length  by  9  feet  in  width. 

Time  occupied  in  boring  and  wedging.  75  miuiitcs. 


mBCUSBIOS — THE  TIASWELI,  MECHASICAL  aiAL-GBTTEll. 
EXPERIMENT  No-  20. 

RiBOPB   CotUBBY.— ESPBSIMIKT   MADE   IN   SgQGAK   CLAT   STOSB. 


Talcisg  up  Bottom  Canekfor  teagomway  hsight.     One  machtHe  hole. 

IIiickniH  of  oaiicU  1     6       Depth  of  liole  3    6 

Vidthof  do.  8    6       Stone  broken  111),  lunpth     3    0 

I  Do.  width      6    0 

Tbe  bottom  ovich  composed  of  icggar  cU;  itoiie.    Hncliine  UfU4  n  ajiMe  of  3  f«et 
W  Id  Icngtii  bj  6  foet  in  width,  havinj;  ■toiio  reid^  for  pulling  out  n-ith  the  ^ck. 
'       Time  occupied  in  boring  mid  wedging,  105  minute». 


Mr.  Richardson  nsked  what  amount  of  force  cao  be  eserted  by  the 
screw? 

Mr.  Hall — It  altogether  depondg  upon  the  etrength  of  the  machine. 
In  the  machine  described  a  fora;  of  140  tons  can  be  eserted  against  the 
sides  of  the  hole,  but  he  had  made  one  whit.'h  would  have  double  that  force. 

Mr.  Richard  Forbter  said,  he  was  present  at  some  eiperimentB  at  Has- 
well  Colliery,  and  could  fully  bear  out  what  Mr.  Hall  had  stated.  At  the 
Low  Main,  Haswell,  the  machine  was  an  absolute  success.  In  juds  it  did  its 
wort  more  efficiently  than  powder  could  have  done ;  in  fast  places  it  was 
wonderful  to  see  liow  two  wedges  could  force  the  coal  out.  He  had  tried 
eiperiinentfi  with  it  in  very  much  thicker  seams,  up  to  6  feet,  and  it 
eatisfied  him  that  all  that  was  required  was  to  increaae  the  power  of  the 
machine  according  to  the  strength  of  theco.'i!.  In  a  5  feet  11  inches  seam, 
in  board  and  wall  working,  with  kirving  and  nicking  to  a  depth  of  3  feet 
6  inches,  coal  was  brought  down  by  this  machine,  but  not  so  ttfectually 
as  at  Haswell,  because  the  men  did  not  know  the  seam  so  well,  and 
oonseqnently  did  not  know  so  well  where  to  place  the  madiiuc.    In  another 
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case,  in  a  5  feet  11  iDches  seam,  a  jud  in  a  four-jard  place  was  wedged 
down  almost  in  il  solid  block  with  one  hrile.     A  similar  experiment  was 
made  in  the  same  seam  with  the  kirving  on  the  top,  but  whilst  the  coal 
was  beginning  to  give  way,  the  pressure  and  weight  of  it  pro^'ed  too    j 
great  and  the  machine  broke,  not  from  an;  dcrect  in  the  principle,  bat   I 
from  want  of  power.     As  this  machine  could  be  used  in  a  place  where  j 
powder  could  not  be  used,  it  would  be  a  verj  useful  iustrument  in 
making  height  for  rollejways  in  seams  where  it  was  deemed  inadvisable   1 
to  use  powder.       He  considered  Mr.  Hall  had  e.tprcssed  himself  too 
severely  on  gnnpowdtT.     In  certain  conditions  ho  thought  powder  could 
be  used  as  safely  in  mines  as  it  could  be  in  that  room ;  and  in  other  con- 
ditions it  was  undesirable  to  use  it.     If  they  had,  in  this  machine,  got 
something  which  could  be  substituted  For  manual  labour  in  places  where 
powder  could  not  be  used,  then  Mr.  Hall  had  coiifeired  a  great  boon  on 
the  coal  trade. 

Mr.  Stbavenboh  said,  he  must  congratulate  Mr.  Hall  upon  having, 
to   a  great  extent,  overcome   the  difficulties   attendant  on  the  nee  of  \ 
machineiy  in  substitution  of  powder  in  mines,  if  the  wedfje  was  snce 
f^l  it  would  contribute  greatly  to  increase  the  safety  of  mining  operations.  I 
He  would  like  to  compare  the  pressure  afforded  by  this  machine  with  1 
that  of  their  old  friend,  blasting  powder,  for  in  approaching  the  con- 
flideration  of  such  questions  as  the  exchange  of  a  wedge  for  a  well  tried 
explosive,  it  seems  natural  to  ascertain  as  closely  as  possible,  what  work   . 
was  done  or  what  pressure  was  exerted  by  the  medium  it  was  propoaed  j 
to  supplant. 

There  are  few  explosives  which  he  had  not  at  some  time  practically  I 
tested,  and  as  an  instance  of  the  great  difference  in  result  accordingly  as 
pressure  is  applied  suddenly  or  the  reverse,  he  might  mention  that  in  the  case 
of  nitro-glycerine,  the  very  auddeuness  of  its  explosion  prevents  it  in  8( 
cases  doing  useful  work,  thus,  for  Cleveland  stone  it  was  of  no  use,  while, 
on  the  other  hand,  explosive  pressure  applied  too  slowly  allows  an  expansion 
which  virtually  wastes  the  work  done. 

The  explosive  force  of  blasting  powder  naturaliy  varies  with  its  qnality, 
and — when  trying,  as  he  had  done  at  various  times,  wedges  of  different   I 
kinds,  amongst  others  the  hydraulic — he  had  sought  out  various  anlho-  \ 
rities  on  the  subject,  and  all  seemed  to  agree  that  the  temperature  of  the  gaa  I 
of  powder  at  the  time  of  explosion  in  a  shot-hole,  vai'ies  from  2,000"  to  , 
2,200°  Centigrade  (8,990'^  Fahrenheit),  and  that  the  volume  of  the  gas  ia 
2,000  to  8,000  times  the  volume  of  the  jjowder.    Bunseu  and  Schishkoff, 
expciimenting  with  sporting  powder  containing  alwut  7a  per  cent  of, J 
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nltpctre,  fonnd  that  the  tempemture  in  a  close  vessel  reached  8,840° 
Centigrade  (0,043°  Fahrenheit),  and  a  correapoiiding  pressure  of  4,S00 
AtmosphereB.  or  67,000  lbs.  per  srjimre  inch. 

But  of  com-Be  raining  powder,  with  Bay  6G  per  cent,  of  saltpetre,  gives 
I  less  temperature,  with  lai^  grains  it  burns  more  slowly,  and  in  the 
ihot-hole  the  gas  is  more  rapidly  cooled. 

Professor  Abel  and  Captain  Noble,  with  perhaps  more  acxiurate 
means  of  testing,  have  given  a  pressure  of  C,400  atmospheres  or  94,000  Ibe. 
at  42  tons  persquoreinchiandhereit  may  incidentally  be  mentioned  that 
en  the  Continent,  from  calculations  based  on  Mariotte's  Law,  Dr.  Gurit 
it,  by  giving  the  explosive  space  for  expanding  in  the  shot-hole  to 
three  times  its  bulk,  to  lower  the  temperature  of  the  gases  afcer  explosion 
lo,  say,  666°  Centigrade  (1,231°  Fahrenheit),  which  would  be  a  heat  too 
iow  to  explode  the  gas  of  the  mine,  since  according  to  the  experiments  of 
Mallard  and  Le  Chiitelier,  the  temperature  required  t<j  fire  any  mixture  of 
fire-damp  is  not  below  780"'  Ceutinrade  (1,430°  Fahrenheit),  which  is 
inci-easod  when,  as  is  generally  the  case,  carbonic  acid  is  present. 

Interesting  researches  on  the  decomposition  of  enplosives  and  composi- 
tion of  gases  evolved  were  also  given  by  MM.  Sarsow  and  Vielle,  in  1880, 
He  had  himself,  in  the  last  twenty  years,  tried  at  least  twenty  different 
nplosives,  and  none  had  approached  the  efficiency  of  powder.  Although 
in  exjieriment  powder  exerte.d  42  tons  per  inch,  he  thought  in  practice 
aot  more  than  20  tons  pressure  could  le  obtained ;  bnt  still,  with 
80  tons  pressure,  it  would  be  interesting  to  compare  t!ie  action  of 
:e  with  it.  He  nnderatood  from  Mr.  Hall  that  there  was  a 
Measure  of  something  like  140  tons  on  the  wedge  or  abouii  1§  tons 
per  square  inch.  He  would  like  to  know  how  this  had  been  arrived 
,  and  whetlier  any  actual  test  had  been  made.  With  a  wedge  in 
which  he  had  lately  taken  some  interest,  he  got  a  pressure  of  40  tons 
i  the  time  the  coal  came  down.  He  took  the  area  of  the  hole  at 
ibout  44  inches,  and  that  would  give  something  like  one  ton  to 
le  square  inch.  It  might  be  a  question  how  a  wedge,  with  only  one  ton 
»  the  inch,  could  effect  the  same  work  that  blasting  powder,  with  a 
Ensure  of  20  tons  to  ihe  square  inch,  could  do.  The  difTetence  must 
;  fonnd,  he  thought,  in  the  fact  that  the  wedge  continued  its  pressure 
:  the  coal  began  to  move  j  whilst  the  powder  was  sudden  in  its 
ction.  On  the  other  hand  there  had  been  powder  tried  which  was  much 
>  slow;  some  which  ho  had  ti'ied  a  few  yeaiu  ago  propelled  the  gases 
fcfter  explosion  through  the  pricker  hole,  and  made  a  tremendous  noise,  like 
B  whistle;  but  there  could  be  no  doubt  that  the  pressure  of  powder  was 
beyond  anything  they  could  hope  to  apply  with  a  wedge. 
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The  pressure  of  powder  might  also  be  ascertained  from  the  chemical 
changes  which  take  place.  130  grains  of  powder  equals  in  balk  0'3  cnbio 
inches  of  water,  and  its  gnseoua  rolnme  at  atmospheric  temperature  equals 
23G  cubic  inches;  being  an  expansion  of  1  volume  into  787'3;  but  aa  the 
temperature  of  gas  must  be  at  least  that  of  incandescence,  this  volume 
might  be  estimated  at  three  times  as  much,  or  more  than  2,000  times  the 
bulk  of  the  solid  powder. 

Further  information  on  such  sabjects  may  be  found  in  the  Proceedings 
of  the  South  Staffordshire  Engineers  for  1876,  and  in  the  "Engineer,"  of 
April  13th,  1888. 

Another  proposal  in  substitution  of  powder  in  minps,  was  that  of  H. 
Reuse,  who  put  water  into  cartridges  made  of  cast  iron,  about  14  inches 
long  and  3  inches  diameter,  fitted  at  the  end  so  aa  to  receive  a  tube,  and 
when  the  cartridge  was  inserted  in  the  hole,  a  pressure  of  20,000  lbs.  per 
square  inch  was  put  upon  it  by  means  of  a  pump,  at  n  bich  pressure  the 
cartridge  (calculated  on  a  basis  that  ^  an  inch  thickness  will  burst  at 
6,700  lbs.  pressure,  and  ,V  more  or  less,  varies  its  strength  1,000  lbs.) 
burst,  bringing  down  the  coal. 

Next  comes  the  lime  process.  Mr,  Paget  Mostey,  in  his  paper  before 
the  Iron  and  Steel  Institute,  put*  the  pressure  of  steam  generated  at  2,850 
lbs.,  and  if  this  is  the  highest  which  can  be  obtained  in  practice,  it  ia 
easily  seen  how  far  it  falls  short  of  powder  at  67,000  lbs. 

But  it  may  be  compared  another  way,  the  theoretical  heat  evolved  by 
one  equivalent  of  lime  (CaO)  with  one  of  water  (11,0)  is  i>er  one  part  of 
lime  244'6  Cal.  or  equal  to  the  heat  required  to  raise  2'446  parts  of  water 
from  0°  to  100°  C,  and  on  this  basis  for  1  lb.  iu  English  measures 
180°  X  2-446  X  7j_2  _^  j^,  ^^^^  ^^^^  j^  obtained,  whereas  powder  is  equal  | 
2,240  ' 

to  480  foot  tons. 

As  to  the  distribution  of  labour,  he  was  inclined  to  think  that  instead  ' 
of  allowing  the  hewer  to  fill,  he  should  get  men  to  act  as  fillers.    They 
found  this  division  of  labour  to  answer  in  Cleveland,  where  theie 
a  great  amount  of  drilling.    With  three  mechanical  drills  they  got  about  I 
680  tons  in  the  two  shifts,  and  that  was  about  105   tons  from  each   ' 
machine  iu  the  shift.     They  liad  a  skilled  man  with  the  drill,  and  an 
assistant  not  a  skilled  man,  the  shot  firer,  followed  him;  then  there  are 
the  fillers,  who  had  about  8s.  a  day,  and  so  the  valuable  time  of  skilled 
men  is  economised  as  far  as  possible. 

Professor  Merivale  asked  Mr.  Steavenaon  how  he  carried  o 
experiments  with  the  wedge  ? 


I 


arried  on  the  ^| 
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Mr.  Steavensos  gaid,  in  this  case  he  had  a  lonj^th  of  lever — euppoee 
lliree  feet — on  which  were  hung  weighba  which,  when  mnlliplied  by  the 
various  loverngea  afforded  hy  the  ecreiv,  the  wedge,  and  the  length  of 
lever,  guve  the  total  preasara  available  t«  brin^  the  con!  down. 

Mr.  Lawuekce  said,  that  with  regard  to  the  pressure  eserted  by  the 
sppiiratuB,  the  screw  was  fth  pitch,  and  Ij  to  2  inches  diameter.  Mr. 
Steavenson  was  qnife  wrong  if  he  imagineil  that  the  pressure  was  got  by 
this  screw  alone.  The  1-10  tons  pressarc  was  got  by  the  addition  of  the 
several  mechanical  advantages  gained  by  the  screw,  the  leveif,  and  the 
wedge,  in  addition  to  the  length  of  the  lever  worked  by  the  man.  All 
these  taken  together  gave  abont  J82  tons  as  the  pressure  exerted  hy  the 
wedge.  Allowing  -}th  for  iriction,  this  leaves  li2  tons  available  for 
bringing  down  the  coal, 

Mr.  W.  F.  Hall  said,  in  reply  to  Mr,  Steavenaon's  question  as  to  the 
presBni-e  of  the  wedge,  compared  with  gunpowder,  it  had  not  been  a 
question  with  him  whether  a  machine  could  be  produced  that  would  exert 
AS  much  pressure  as  gunpowder,  only  would  it  exert  enough  to  brmg  down 
coal;  he  did  not  see  that  the  pressure  of  powder,  however  interesting  in 
itecit',  had  any  practical  bearing  on  tlic  qneBtion. 

Mr,  J.  B,  Simpson  proposed  a  vote  of  thanks  to  Mr.  Hall  for  hia 
valuable  paper.  He  hoped  Mr.  Hail  would  be  able  to  cany  out  his 
imjirovemcnts,  which  would  cause  quite  a  revolution  in  the  system  of 
working  coal  in  this  and  other  purls  of  the  world,  for  if  the  use  of  gun- 
powder in  mines  could  be  dispensed  with  a  great  desideratum  would  be 
attained.  He  understood  the  principal  experiments  had  been  made  in 
.the  Ijow  Main;  had  experiments  been  made  in  such  a  seam  as  the 
utton  t^eara,  or  anywhere  where  the  cool  was  much  softer? 

Mr.  Hall — Ycflj  in  Ryhope  Colliery,  wlicre  equally  satisfactory  results 
'Wtre  obtained. 

Mr.  Bewick  seconded  the  vote  of  thanks,  and  it  was  agreed  to. 

The  PRKPJDENT — The  paper  will  he  open  for  diacnsBion  at  the  next 


The  paper  bj  Mr.  Fbakk  Muiiuay  Ktii-l,  on  "Mining  Coal   by 
/omftressed  Lime,"  was  announced  f(jr*distuEsion, 

Mr.  Still  eaid,  Mr.  Smith  hapjjencd  to  he  in  Newcastle  that  day,  and 
|ie  had  asked  him  to  attend  the  meeting,  in  order  to  give  any  iiiforiua- 
1  technical  or  other  jioints  which  might  be  required. 


DISCUSSION — MimSQ  COAL   BY   COMPEESSBD    LIME. 


Mr,  SEBASTiis  Smith  thanked  then)  fur  givinE;  him  the  privilege  of 
■aying  a  few  words  on  thia  Bubject.  At  the  previoita  meeting  Mr,  Logan 
called  attention  to  the  fact  that  the  lime  process  was  a  very  old  one.  He 
(Mr.  Smith)  knew  tliat  many  years  ago  miners  were  aa'uatomed  to  put 
dry  lime  into  shot  holes  at  night,  and  in  the  morning  they  fonnd  it  hod 
absorbed  sufBcient  moisture  to  be  of  some  little  use.  He  might  be  allowed 
to  say  that  in  the  patents  taken  out  by  himself  and  Mr.  Moore,  they 
gpecially  dieclaimed  the  idea  of  being  the  originators  of  the  endeavour  to 
nselime  for  coal-getting;  because  they  were  aware  that  great  numbers  con- 
nected with  mining  had  tried  to  use  it  for  he  did  not  know  how  many  years. 
If  they  tamed  to  pages  11  and  ISoftheAbsLractsof  Foreign  Papers  in  Vol. 
XXXIII.  of  the  Proceedings  of  the  Institute  relating  to  experiments  made 
with  explosives,  they  would  find  the  following  reference  to  espcrimenta  made 
with  burnt  lime: — "The  increased  diameter  of  bore-holeSj  the  difficultyof 
the  manufacture  of  cartridges,  and  the  transport  of  the  same,  and  the  diffi- 
culty of  pumping  efTectnally  the  water  into  the  lime,  are  obstacles  which 
are  not  conducive  to  its  general  or  even  partial  intj-oduction."  These 
happened  to  be  the  very  identical  points  which  he  and  his  co-inventor, 
Mr,  Moore,  turned  their  attention  to;  and  these  were  the  difficultiea  they 
claimed,  in  a  great  measure,  to  have  got  over.  By  the  introduction  of 
more  handy  boring  tackle  they  had  been  able  to  form  the  larger  bore- 
holes required— some  three  inches  in  diameter — with  great  ease;  and, 
after  a  very  great  deal  of  delay,  they  liad  got  over  the  important 
difficulty,  that  of  manufacturing  cartridges.  It  was  exceedingly  difficult 
to  obtain  a  machine  which  would  enercisc  sufTicicnt  pressure  and  work  at 
sufficient  speed  to  make  the  carti'idges  of  such  commercial  value  as  to  let 
them  be  generally  adopted.  Messrs.  Fielding  &  Piatt,  of  Gloucester,  had 
that  week  turned  out  a  machine  which  would  inuke  upwards  of  20  blocka 
a  minute,  which  was  very  satisfactory.  The  most  important  point,  how- 
ever, of  the  invention  was  the  method  of  introducing  the  water  into  the 
charge  after  it  has  lieen  tamped  up.  The  experiments  were  nearly  com- 
pleted at  AN'oolwich  Arsenal  to  determine  the  pressure  exerted  on  the 
square  inch.  He  eiierit  three  days  last  week  at  Woolwich,  and  the  fact 
was  established  that  the  pressure  of  the  steam  alone  was  upwards  of  42  cwte. 
to  the  inch;  but  from  the  want  of  sufficiently  strong  cast-iron  cylinders, 
the  effects  of  the  exjmnsion  of  the  lime,  which  came  after  the  steam  was 
made,  were  not  yet  ascertained. 
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Mr.  Hekry  Lawkekcs's  paper  '•  On  the  Datifrer  (if  Sparks  pro- 
duced frriiii  Prickers  nnrl  SwmmcrB  used  for  Blnsting  pnrpofles  in  Coal 
Mines,  and  Sparks  otherwise  produced"  was  then  discuBsed. 

Mr.  Lawbbkcb  said,  a  great  many  experiraenta  were  being  made,  and 
he  had  had  very  good  reports  as  to  the  resultB.  The  difficulty  he  had  had 
to  contend  with  up  to  the  present  time  was  that  the  stemmers  and  prickers 
were  rather  soft,  and  rather  weaker  than  the  miitnre  of  copper  and  braeaj 
hut  he  was  gradnalty  getting  over  that.  He  bad  the  Botisfaction  of  know- 
ing that  wherever  they  had  been  tried — although  they  had  not  anewcred 
the  porpose  so  far  as  strength  wag  concerned — no  one  had  been  able  to  get 
a  8park  from  them.  He  must  endea\'our  to  make  them  a  little  stronger. 
and  lie  thought  it  conld  he  done.  They  could  be  strengthened  a  gi'eat 
deal  by  hammering.  Mr.  Potter  had  several  in  use  at  the  present  time, 
and  gave  a  good  report  of  them;  he  had  tried  in  every  way  and  oould  not 
get  a  spark;  and  the  managers  of  several  other  colh'eriea  gave  the  same 
report. 

Mr.  BiED  said  that,  granting  Mr.  Lawrence's  metal  would  not  itself 
produce  a  spark,  there  would  still  be  the  danger  of  sparks  being  produced 
between  stone  and  stone  in  the  hole.  If  Mr.  Lawrence  could  introduce 
wat«r  in  the  hole  during  drilling,  all  danger  of  sparks  would  be  removed. 

The  President  said,  he  was  very  glad  Mr.  Lawrence  saw  hia  way  to 
making  them  stronger.  A  pricker  and  atemmer  were  sent  to  him  by  Mr- 
Lawrence,  and  both  of  them  broke  before  they  had  been  many  days  in 
Unless  Mr.  Lawrence  would  make  them  stronger,  the  wear  and  conse- 
quent expense  would  be  very  great;  because  he  considered  that  nothing 
could  be  done  with  them  after  they  were  broken. 

Professor  Mbrivale — ^Would  not  it  he  possible  to  make  some  inner 
core  of  stronger  metal  ? 

Mr.  J.  G.  Weeks  said,  he  had  recently  read  that  a  steamer,  made  of 
compressed  paper,  was  afloat  on  one  of  the  Ameincan  lakes,  and  if  that 
so,  would  not  compressed  paper,  moulded  into  proper  shape,  answer 
the  same  purfiose  as  the  new  metal  ? 

The  Phesidbnt — At  the  last  meeting  he  referred  to  wooden  stemmers. 
Mr.  Bewick  and  he  were  at  alai^e  lead  mine  the  other  day  where  wooden 
Btemmers  were  successfully  in  use.  Fe  thought  that  the  expense  of 
wooden  stemmers,  owing  to  their  breaking,  would  not  be  so  great  as  the 
expense  of  Mr.  Lawrence's  stemmer  from  the  same  cause. 

Mr.  Lawrescb  said,  that  Mr.  Bird's  suggestion  about  introducing 
water  into  the  hole  when  being  stemmed  meant  that  it  would  make 
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the  sides  of  the  hole  so  smooth  that  stemmers  would  not  give  off  any 
sparks  at  all;  but  if  they  took  a  common  stemmer,  in  a  perfectly  smooth 
hole,  they  would  get  a  spark  at  every  blow.  He  did  not  think  the 
use  of  water  would  do.  He  was  sorry  that  the  sample  stemmer  which 
he  sent  to  the  President  had  turned  out  so  bad;  but  he  hoped  to  get 
over  all  the  difficulties  which  had  presented  themselves  up  to  the 
present  time.  He  thought  if  they  could  get  a  stemmer  that  would  not 
strike  fire,  the  pricker  must  be  used  as  in  the  old  cases.  There  was  no 
blow  given  on  the  pricker;  and  therefore  the  pricker  formed  a  small  portion 
in  the  work.  The  whole  danger  was  the  rammer  coming  in  contact  with 
the  sides  of  the  holes.  He  had  no  doubt  they  might  get  vulcanite  or 
iron  wood,  which  would  answer  the  purpose;  but,  so  far,  he  saw  no  reason 
why  the  improvements  he  had  made  in  the  stemmers. should  not  effectu- 
ally answer  all  the  purposes. 

Mr.  Bird  said,  that  by  the  saturation  of  the  dust  and  parts  of  stone 
in  the  drill  hole  by  water,  there  would  be  safety  against  sparks. 
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ON  THE  STRENGTH  OF  WROUGHT  IRON  IN  COMPRESSION. 


By  WIGHAM  RICHARDSON. 


The  following  letter  from  Mr.  Wigham  Richardson  was  read,  in 
reference  to  some  notes  by  him  "On  the  Strength  of  Wrought  Iron  in 
Compression,"  which  were  published  in  Vol.  XXXII.  of  the  Transactions, 
page  180 : — 

Neptune  Works  (Ship  and  Engine  Building), 
Near  Newcastle-upon-Tyne, 

November  15th,  1883. 
Theo.  Wood  Running,  Esq., 

Dear  Sir, — Referring  to  the  note  on  page  180,  Vol.  XXXII.,  of 
your  Transactions,  I  now  have  the  pleasure  to  send  you  the  tests  made 
by  Mr.  Kirkaldy  upon  the  strength  of  steel  in  compression.  For  con- 
venience I  give  the  former  results  also: — 

EXPERIMENTS  ON  THE  STRENGTH  IN  COMPRESSION. 

Aybbaob  07  Sefbbal  Pieces, 
i.— tudhoe  i  box. 


Diameter  In  Inches. 

Length  in  Inches. 

stress  Elastic 

per  Square  Inch. 

Tons. 

li 

•  •   •                                                       OT                                                       •   •    • 

.  •  • 

U-895 

1 

•  •  •                                ml                               •  •  • 

•  •  • 

13-958 

J 

•••                              3                       ■#• 

•  •  • 

14047 

i 

•  •  •                              n                      •  •  • 

•  •  • 

13-988 

II. 

— Siemenb-Mabtin  Steel. 

1 

•  •  •                                      w                                      •  •  • 

•  •  • 

15-893 

i 

n 

•  •  • 

15-312 

i 

•  •  •                              "S                      •  •  • 

•  •  • 

16101 

These  have  been  followed  up  by  more  experiments  made  by  the  same 
person  on  specimens  selected  at  random  from  material  constantly  used  in 
our  works.  It  may  be  of  interest  to  print  the  full  sheet  of  tests  as  well. 
I  enclose  them  accordingly,  but  beg  you  will  return  them  when  done  with. 
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The  experiments  npon  steel  fallj  confirm  those  made  upon  the  Tad- 
hoe  iron,  and  show  that  the  theory  which  I  set  up  is  not  tenable^  bat  at 
the  same  time  it  is  evident  that  the  formnlsa  in  current  nse  as  to  the 
strength  of  hollow  pillars  must  be  received  with  the  very  greatest  cautioiu 
Indeed  the  whole  subject  requires  experimental  investigation. 

Another  point  of  interest  is,  that  in  compression,  Siemens-Martin  steel 
is  only  slightly  stronger  than  iron. — Yours  truly, 

WIGHAM  RICHARDSON. 


TUDHOE  IRON. 

Results  op  Expebiments  to  Ascebtaik  the  Resistakcb  to  Dbpbessioh, 
uvDEB  A  Gbaduallt  Incbeased  Thbustiko  Stbess,  op  Twbltb  Ctlindebs, 
becbited  fbom  Messbs.  Wioham  Richabdson  &  Co. 


Test 
No. 

Description. 

Dimensions. 

Stress 

Elastic 

perSq.  In. 

DXPRXSSION. 

RniAus. 

Dia. 

Inch. 
1-50 

•  •  • 

100 

•  •  * 

•  •  t 

0-75 

•  •  • 

0-25 

•  •  • 

•  •  • 

Area. 

Length. 

At 

50.000 
lbs.  per 
Sq.  In. 

At 
100.000 
lbs.  per 
8q.  In. 

At 

150.000 
lbs.  per 
Sq.^ 

Q 
1176 

1175 

1174 

1173 
1171 
1172 

1168 
1169 
1170 

1167 
1165 
1166 

Wrought  Iron.' 

li"  dia. 

Do. 

Do. 

1"  dia. 
Do. 
Do. 

i"  dia. 
Do. 
Do. 

y  dia. 
Do. 
Do. 

1 

Sq.  In. 

1-767 

■  •  • 
« •  • 

0-785 

•  •  • 

•  •  * 

0-441 

•  •  • 

•  •  • 

0049 

•  •  t 

•  •  • 

Inch. 
200 

•  •  • 

•  •  • 

Mean 
200 

•  •  • 

•  •  « 

Mean 
1-50 

•  •  • 

•  •  • 

Mean 
0-50 

t  •  • 

•  ■  • 

Mean 

Lbs. 
33,600 
33,400 
33,100 

% 
2-2 

2-4 

2-6 

% 
19-8 

20-5 

20-8 

7. 
40-7 
41-8 
42-0 

Barrel  shaped. 
Do.  cracked. 
Do.  cracked. 

Barrel  shaped. 
Do, 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

33,366 

2*4 

20-3 

41-5 

31,400 
31.300 
31.100 

2-9 
8-0 
80 

21-3 
21-5 
21-6 

42-4 
42*5 
42-6 

31,266 

8-0 

21-5 

42-5 

32,500 
31,200 
30,700 

2-6 
80 
3-2 

20-7 
21-4 
21-7 

40*6 
41*3 
41-6 

31,466 

2-9 

213 

41-2 

31,500 
31,300 
31,200 

8-6 
40 
4-2 

22-4 
22-8 
23-2 

410 
42-6 
430 

31,333 

3-9 

22-8 

42*2 

Messbs.  Wioham  Richabdsov  &  Co., 

Neptnne  Works,  near  Newcastle-upon-Tyne. 

(Signed)        DAVID  KIRKALDY. 
99,  Southwark  Street,  London,  S.C,  18th  April,  1882. 
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SIEMENS-MARTIN  STEEL 

(SOMSTIKBS   CALLED,   Aim  PERHAPS   MOBE   COBRECTLY,    IXOOT    IbON). 

Results   of   Expbbiments   to   Ascebtain   the    Resistance   to    Depbessiok, 
UNDER  A  Gradually  Increased  Turustinq  Stress  of  Nine  Cylinders, 

BECEIYED   FROM   MESSRS.    WlGHAK   RiCHARDSOX   Si.  Co. 


Teat 
No. 


R 

3912 
3913 
3914 


3915 
3916 
3917 


3918 
3919 
8920 


Description. 


"  Siemens- 
Mutin  SteeL' 

\"  dia. 
Do. 
Do. 


I"  dia. 
Do. 
Do. 


rdia. 
Do. 
Do. 


DiMBKSIONa 


Dia. 

Area. 

Inch. 

Sq.  In. 

•250 

•  ■  ■ 

•  •  • 

•049 

•750 

■  •  • 

•4ril 

«  •  • 

L-00 

•7S5 

•  •  • 

•  •  • 

Length. 


Inch. 
0-488 


Mean 
1481 

Mean 
1-989 

•  •  • 

Mean 


Stress 

ElasUc 

per  Sq.  In. 


Lbs. 

36,500 
35.800 
35,600 


35,966 


3-1,300 
34,300 
31,300 


ai,.300 


35.700 
35,700 
35,500 

35,600 


Dkprbhsion. 


1 

At 

50.000 

lbs.  per 

Sq.  In. 

At 
100,000 
lbs.  per 
Sq.  In. 

At 

isaooo 

lbs.  per 
Sq.  In. 

V. 

v. 

7. 

26 

18-4 

35-8 

26 

18-4 

35-8 

2-6 

180 

35-4 

26 

18^2 

356 

Remabkh. 


3-9 
39 
40 


3-9 


31 
31 
3-2 


31 


21-6 
216 
217 


21-6 


18^9 
190 
193 


190 


41-8 
418 
40-7 


414 


380 
381 
386 


38-2 


Barrel  8lia])ed. 
Do. 
Do. 


Do. 
Do. 
Do. 


Do. 
Do. 
Do. 


The  ends  of  all  the  specimens  required  to  be  refaced  here,  as  they  were  not  true. 

Messrs.  Wioham  Richardson  k  Co., 

Neptune  Works,  near  Newcastle-upon-Tyne. 

(Signed)        DAVID  KIRKALDY  &  SON. 

99,  Sonthwark  Street,  Loudon,  S.C.,  6th  October,  1883. 
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OEXERAL  MKETING,  SATURDAY,  FKBRUAHV  9th,  18St,  IN  THE  WOOD 

MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEORGE  BAKER  FORSTER,  E^Q..  PfiBsiDRxr,  in  xna  Chaiu. 


Tlie  Secretary  read  the  minutes  of  the  last  meeting  and  reported 
the  proceedings  of  the  Council. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated : — 

Associate  Mbmbsrs — 
Mr.  Lawbence  W.  Adamhon,  Whitley  House,  Whitley,  Northumberland. 
Mr.  Jacob  Wallau,  Gateshead-on-Tyne. 

Student — 
Mr.  Matthew  Barbas,  Tudboe  Colliery,  Spennymoor. 

The  following  were  nominated  for  election  : — 
Obdinaby  Members — 
Mr.  JoHX  Jameson,  Consulting  Engineer,  Akenside  Hill,  Newcastle-on-Tyne. 
Mr.  Bexjamtn  James  Fobrest,  Mining  Engineer,  Calle  de  ras  Infantas  No.  18, 

Madras. 
Mr.  J.  C.  Forrest,  Witley  Coal  Company,  Liinit<Hl,  Halesowen,  near  Birmingham. 
Mr.  William  Assueton  Cross,  Messrs.  H.  &  W.  Hawthorn,  Newcastle-on-Tyne. 


Professor  G.  A.  Lebouu  read  the  following  paper  "  On  a  Great  Fault 
at  Annstead,  in  North  Noithumberland : " — 


VOL  xxxiir.-w* 


ON  A  OBKAT  FAULT  AT  ANN8TBAD.  f)9 


ON  A  GREAT  FAULT  AT  ANNSTEAD,  IN  NORTH 

NORTHUMBERLAND. 


Br  G.   A.    LEBOUR,   M.A..  F.G.S., 
PAorsssoR  or  Okoloqt  ik  thk  Durham  Oollkob  or  Scibnob,  Nbwcabtlb-upon-Ttnb. 


Thb  object  of  this  paper  is  two-fold:  first,  to  draw  attention  to  and 
describe  one  of  the  most  complete  natural  sections,  and  one  of  the 
greatest  dislocations,  in  the  County  of  Northumberland ;  and,  secondly, 
to  give,  in  some  detail,  an  example  of  the  kind  of  reasoning  by  means  of 
which  an  unseen  fault  may  often  be  inferred  with  certainty.  In  order  to 
attain  this  object  it  will  be  necessary,  in  the  first  place,  to  describe  the 
rocks  exposed  along  more  than  three  miles  of  sea  coast ;  to  prove  the 
existence  of  a  concealed  fault  from  the  evidence  supplied  by  those 
rocks ;  and,  lastly,  to  show  how  far  the  probable  characters  of  hade, 
throw,  etc.,  pertaining  to  that  fault  may  be  estimated.  The  paper  may, 
in  fact,  be  regarded  as  being  in  part  a  contribution  to  local  geology,  and 
in  part  also  a  kind  of  exercise  in  practical  geology. 

INTRODUCTION. 

Beginning  at  Ebba's  Snook,  as  the  northern  point  of  Beadnell  Bay 
is  called,  and  proceeding  along  the  coast,  at  low  water,  northwards  (or, 
more  properly,  to  the  north-west),  there  is  an  absolutely  continuous 
section  of  beds  visible  for  a  mile  and  a  half,  as  far  as  the  Annstead 
Rocks.  After  a  short  break  at  the  mouth  of  Annstead  Burn,*  there  is 
another  continuous  section  from  North  Sunderland  Point  to  the  Tumblers 
Rocks,  due  east  of  Shoreston  Hall.  For  the  purposes  of  this  paper  these 
two  continuous  sections,  together  with  the  sandy  beach  intervening 
between  them,  are  all  that  need  be  considered. 

The  beds  exposed  within  these  limits  all  belong  to  the  great  Bemician 
Series  of  Northumberland,  and  the  uppermost  among  them  at  least  to  the 

*  Mr.  N.  Wood  calls  this  stream  Swinhoe  Bum.    The  name  adopted  in  this  paper  is 
the  one  griven  on  the  Ordnance  Map. 
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"Upper  Bernician  or  Torednle  Rocka ;  bnt.  aa  has  Ijcen  repeatedly  ahown 
elsewhere  by  Lhe  writer,  there  is  nothing  in  this  part  of  England  to 
enable  one  to  draw  a  line  separating  the  Yorednle  frooi  the  rest  of  the 
Carbooirerons  Limestone  Series — hence,  indeed,  the  chief  ntilitj  of  the 
term  Bernician. 

So  perfect  a  section  oonid  not  fail  to  attract  the  attention  of  geologists. 
It  has  been  referred  to  bj  several*  but  the  late  Mr,  George  Tat«,  F.G.S.,  of 
Alnwick,  has  alone  attempted  to  describe  its  minor  details,!'  Unfortunatelj, 
however,  the  measured  section  given  by  him  is  not  taken  altogether  from 
the  coast  outcrops,  but  ia  made  up,  to  a  considerable  exient,  from  infor- 
mation derived  from  more  or  less  distant  pit-sections  inland.  This  being 
the  case,  and  considering  how  great  is  the  rariability  as  regards  detail  of 
the  Lower  Carboniferons  beds  of  the  North  of  England,  the  value  of  Mr. 
Tate's  section,  for  the  particular  purptse  of  this  paper,  is  mnch  reduced. 
Moreover,  Mr.  Tnt«'s  object  in  publishing  his  srction  was  chiefly  to  give  a 
general  idea  of  the  nature  of  what  he  called  "the  middle  group  of  the 
mountain-limestone  rocks,"  and  the  only  reference  made  by  him  to  the 
dislocations  of  the  district  is  purely  incidental.  Under  these  circumstances 
the  writer  will,  in  the  present  paper,  describe  and  figure  the  sncceasion  of 
the  rocks  from  his  own  notes  taken  on  the  spot  in  the  years  1879,  1881, 
and  1882,  merely  acknowledging  as  he  proceeds  such  facts  (principally 
thicknesses  of  coal-seams)  as  he  finds  it  advisable  to  quote  from  the  earlier 
observer.  It  may  be  mentioned  that  Mr.  Tate's  description  refers  only  to 
the  southern  half  of  the  coast-line  treated  of  in  the  present  pajer. 

SECTION  FROM  EBBA'S  SNOOK  TO  ANNSTEAD  BURN. 

The  following  are  the  chief  rock-divisions  exposed  between  tide-marka 
along  this  portion  of  the  coast.  As  the  dip  is  to  the  south-east,  and  the 
section  runs  to  the  north-west  from  Kbba's  Snook,  the  first  stratum  men* 
tioned  (No.  43)  is  the  highest  seam : — 

43. — LjHESTONE. — This  is  Tate's  "Ebb's  Nook"  Limestone,  the  well- 
known  Gebat  LiMESTOfiB  of  the  southern  part  of  the  coun^. 
Here  it  contains  a  conaidemble  and  unusual  amount  of  car- 
bonate of 


*  See  especially  the  late  Mr.  Nicholas  Wood's  paper  "  On  the  Qcolog;  nf  ■  part  of 
NorthamberlaQd  and  Cumberland."— TranBacljons  of  the  Natural  HUtory  Society  of 
Noitbamberliuid  and  Durham,  Tul.  I..  1831,  p,  S09.  This  paper,  eo  f ar  aa  it  describe! 
thin  portion  of  the  cooat,  is  rcmarkahly  accuntte. 

The  Oealogiral  Survey  Maps  nf  thia  district  are,  nnfortnnatelj,  not  jet  pnblislied. 

t  See  "  Proceedings  of  the  Berwic.kBhlre  NaturaliKts'  Club,"  Vol.  IV  ,  1868,  p.  96^ 
and  a  reprint  of  tfae  came  paper  in  "The  Geolcigiat,"  Vol.  II.,  1H59  p.  S! 
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42. — Principally  Shale,  reddish  and  passing  into  sandstone  above, 
blackish  below,  and  with  a  coal-seam  about  one  foot  thick 
at  its  base.  This  coal  is.  the  Drybiirn  Coal  .of  the  Lowick 
district. 

41. — Sandstones,  thin-bedded  and  shalj,  passing  to  underclay  above. 

40.-*-Shales  and  underclays. 

89. — Sandstone,  reddish  and  very  coarse  in  places,  coarse  and  yellow 
above. 

88. — Shale. 

87. — Limestone. —This  is  the  "Eight- yard  Limestone*'  of  Central 
and  the  "Four-fathom  Limestone"  of  South  Northumber- 
land. A  thin  coal-seam,  six  inches  thick  only,  occui*s  at  the 
base  of  this  limestone. 

36. — Sandstone. — Micaceous  at  the  base,  massive  above,  reddish, 
and  in  parts  gannister-like. 

86. — BiiACK  Shale,  with  ironstone  nodules.  This  is  the  same  as  the 
Brinkbum  ironstone  shale  of  the  Coquet. 

84. — Limestone.— This  is  the  "Six- yard  Limestone"  of  the  Shil- 
bottle  district,  and  its  outcrop  forms  the  Blythe  Rocks  at 
Benthall.  (See  Fig.  1,  Plate  IL)  There  is  another  thin 
COAL  (six  inches  thick)  immediately  underlying  this  limestone. 

83. — Shale. — Black,  with  ironstone  nodules  below,  grey  and  mica- 
ceous above,  and  passing  into  underclay  beneath  the  coal. 
The  beds  here  grouped  together  under  No.  83  are  differently 
described  in  Tate's  section.* 

82'. — Coal. — One  foot  thick.  This  represents  the  "Shilbottle 
Seam"  worked  near  Alnwick,  where  it  is  more  than  double 
this  thickness. 

82. — Underclay,  passing  to  shale  below,  sandy  above. 

81. — Shale,  with  ironstone  nodules. 

80. — Sandstone,  thinly  bedded,  shaly. 

29. — Shale. 

28. — Limestone. — A  thin  bed,  in  two  courses  or  "posts." 

27. — Sandstone,  with  thin  intercalations  of  shale. 

Ft.    In. 
•  ^le. — Grey  shales,  with  ironstone  nodules 10    0 

17. — Blue  shales       16    0 

18. — Grey  slaty  sandstone ...         5    0" 

—See  "Geologist"  for  1859.  Vol.  II..  j).  60. 
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26. — SaALE,  thin,  caJcareouH  lielow,  and  ftill  of  foaailB.  This  bed 
should  more  properly  perhaps  be  regarded  as  the  apper 
portion  of  the  next  CNo.  25).* 

25. — LiMESToifE. — This  is  the  "Beadkeij-  Ltmbstone"  of  thia 
portion  of  coast,  and  tlie  Rame,  as  will  presently  be  aeen,  as 
the  "NoKTH  Sunderland  Limestone,"  a  little  ftirther  north, 
A  thin  coul,  of  variaMe  thickness  (eight  inches,  according 
to  Tate)  and  eometimes  absent  altogether,  with  its  underclay, 
immediately  underlies  this  limestone, 

24. — Sandstone,  much  lalse-beddcd,  and  cnutaining  irregular  inter- 
calatioDH  of  shale.  This  stone  is  reddish,  and  gives  its  name 
ta  the  Red  Brae.t    (See  Map,  Plate  II.) 

2S, — Shale, — This  is  a  very  inconstant  bed,  sometimes  altogether 
wanting  and  sometimes  seven  feet  thick  in  the  same  section 
of  twenty  or  thirty  yards, 

22. — Limestone. — A  thiu  single-post  bed. 

21,  20,  13. — SiNDSTONE  AND  SuALE. — A  greyish  yellow  thick  stone, 
very  hard  and  compact  iu  places,  with  irregular  intercalations 
of  shale.  The  iines  of  junction  between  the  hard  rock 
referred  to  and  the  shales  are,  at  lirst  sight,  so  unlike  lines  of 
liedding,  as  to  simulate  a  series  of  small  li 
Haven  is  enclosed  by  this  division.  No,  20 
importance  in  the  North  Simderland  portion  of  the  coast. 
Two  coal  seams  occur  in  the  upper  part  of  these  beds.  The 
"  Beadnell  Coal,"  averaging  about  a  yard  iu  thickness,  is 
the  higher  of  the  two,  and  baa  been  much  worked  in  the 
neighbourhood.  The  lower  coal,  though  little  more  than  a 
foot  thick,  has  also  been  sometimes  worked. 

18. — Shale,  argillaceous  below  and  micaceous  above. 

17. — LiMESTOSE, — A  thin  single-post  bed. 

16, — Sandstone,  micaceous  and  flaky,  with  a  seam  of  coal  at  its  base. 
This  is  the  "Stone-close  Coal,"  one  foot  tour  inches  thick, 

15, — Sakdstonb,  passing  to  gannister-like  underclay  above,  imme- 
diately beneath  the  coal, 

•  This  is  the  "Black  Dciit,  fullof  Cockle  SlielW  of  Mr.  W<k>iI"ii  BNtioii. 

t  Mmsrs.  Honrj  Withniii  and  l>anci8  Forater  reiiiftrked  the  t.ilour  of  this  (and- 
■booe  in  1830,  when  thej  showed  how  manj  red  beds  of  this  charoctOT  occurred  iu  tlie 
Carbonireron*  Limestone  SerieB  lietwecu  North  Sunderland  and  Dunbar.— Kee  Witlumi'» 
pap«T  "On  the  Red  Sandstjineg  of  Bem'iclcsliire,"  in  the  Transactioug  of  the  KMunl 
History  Sociel.v  of  North»tiihcrlsnil  anil  DurhHiu.  Vol.  I,.  1831,  ]>.  176. 
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14. — Shale. 

13. — Sandstone. 

l-J. — Shale,  tliiuly  lamiuatwl,  black,  non-mi naceous. 

11. — Limestone. — A  marked  bed  consigtiug  of  three  "posts."  The 
lowest  of  these  is  much  broken  up  by  vuinlets  full  of  calcite. 
Two  bands  of  fussiJiferous  calcareoas  shales  intervene  between 
the  conrses  of  limestone.  A  thin  coal,  a  few  iucbes  thick, 
oocuTB  directly  Ijelow  this  bed. 

10. — Sandstone,  yellow. 
9. — LiMEHToNE.* — A  two-post  bed;  the  upper  one  massive  and 
eompuct,  and  the  lower  thin,  hard,  rulibly,  and  weathering 
yellow  extPiTially,  The  "  Swinhoe  Coal,"  one  foot  four  inches 
thick,  lies,  according  to  Tate,  directly  under  this  bed.  The 
writer  has,  however,  not  been  fortunate  enough  to  see  it  in 
place,  probably  owing  to  Us  being  concealed — as  indeed  most 
of  the  coal-seains  in  this  section  are  apt  to  be — by  accumn- 
lations  of  sand  or  by  seaweed. 

8. — Sasdstone,  thick  yellow,  brown,  and  reddish,  much  false-bedded. 

7. — Shale,  thinly-laminated,  black. 

i>. — Limestone. — A  bed  made  np  of  eight  thin  "posta,"  some  of 
which  are  Hill  of  crinoids.    A  tliin  coal  underlies  this  lime- 


5. — Shale.— A  thin  calcareous  bed. 

4. — Sandstone,  brown,  massive,  gannister-like,  and  whit*  in  parta. 

This  is  the  horizon  of  the  "Fleetham  Coal,"  which,  again, 

the  writer  has  been  unable  to  find.     Its  thickness,  as  given 

by  Tate,  is  one  foot  six  inchea. 

S. — Shale,  Wuish-grey  and  micaceous. 

2. — Limestone,  in  thick  posts  (two?).     Very  ftwsiliferous.     A  thin 

coal  occurs  at  the  liaso. 
1.— Sandstonb,  brown,  massive,  false-bedded,  rolling;  white,  hard, 

and  gannister-like  at  the  top. 
*  From  tliiB  point  it  in  not  posBibli?  to  cnrrelitte  the  beds  u  mappetl  on  the  ground 
)d  duivii  in  the  pUn  siid  aertion  illuitnting  this  paper  with  tboae  given  bv  Hr.  Tate. 
.  Thia  is  pmbiibl;  not  due  to  sny  inncciintcj  on  tbe  part  of  thHt  nriUr,  bnt  to  tbe  fact 
:  tlwt  hi*  detwU  irerc.  u  already  meiitioned,  to  a  eoiiBideralile  extent  t>keti  from  pit- 
in*  at  various  dintanoea  from  the  coait.  Thil  diicrepltnej  is  tiie  more  to  be 
regretted  that  tliere  are  one  or  two  coal-seams  of  some  iocul  importance  in  thii  portion 
of  tire  Bvrnieian  Serie»— ■ncii.  for  hintance,  as  tbe  "Swinhoe"  and  ■■  Fleetham"  seainli. 
t  "  Geolc^st,"  lot.  cft^  p.  HI, 
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The  above  include  all  the  beds  showu  in  uoutinuous  snccesflion  IVom 
Bbbu's  Snook  northwards.  Next  comes  tlie  sand;  flat,  through  which 
meanders  the  Annstcitd  Barn,  and  wlici-e  the  Carbon irt;R>iia  rocks  are 
concealed.  They  re-appear,  however,  after  n  Bhort  iiitiTVal,  a  few  yards 
south  of  North  Sunderland  Point,  and  I'rom  thence  to  the  Tumblers 
Roeka  there  ia  another  perfect  aection.  The  bedfi  ahown  at  first  dip  to 
the  south  like  those  of  the  Bcndncll  Section,  and,  in  the  ordinary 
course  of  things,  would  be  regarded  as  lying  some  hundreds  cf  feet  beluir 
the  latter.  But  even  a  rapid  examination  of  the  limestone  at  North 
Sunderland  Point,  and  its  accompanying  beds,  would  soon  leikd  one  to 
recognize  in  them  a  set  of  strata  already  well  seen  in  part  of  the  Beadnell 
Sectiou,  and  a  careful  collation  of  the  available  evidence  on  the  subject 
would  tend  to  confirm  this  view  in  every  partionJar.  The  sonth-easterly 
dip  docs  not  continue  far— not  farther  than  the  Braidcarr.  The  little 
bay  formed  at  low-wat«r  between  Braidcarr  End  and  Southrock  End 
coincides  in  fuel  with  the  east  and  west  asis  of  a  low-pitched  anticlinal 
which  brings  about  a  reversal  of  the  dips  (.which  from  that  point  to  the 
Tumblers  Rocks  are  north-weat  and  north)  and  a  consequent  repetition  of 
the  beds  shown  in  the  southern  half  of  this  portion  of  the  section.  That 
the  Tumblers  Rocks  arc  formed  of  the  same  l>eds  as  North  Sunderland 
Point  does  not  admit  of  any  doubt,  sinc^  the  change  of  dip  \b  quite 
obvious,  and  every  bed  is  perfectly  exposed,  without  a  break,  at  low  water. 
But  that  the  beds  thus  repeated  by  an  anticlinal  fold  are  a  further 
repetition  of  some  of  those  described  in  the  Beadnell  Section,  although 
clear  enough  to  auy  one  csamining  them  in  the  field,  may  require  some 
proof.  This  proof  will  best  appear  from  a  brief  description  of  the 
North  Sunderland  Limestone  and  its  associated  deposits. 
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THE  NORTH  SUNDERLAND  LIMESTONE. 

This  Limestone  is,  with  the  exception  of  the  "Great"  and  "F( 
fathom"  Limestones,  (lerhaps  the  most  unmistakable  limestone  of  the  I 
Bemician  Series ;  it  is  also  one  of  the  best  known  in  tlie  northern  half  of  I 
the  county.  At  North  Sunderland  it  was  formerly  vei^  extensively  I 
worked,  the  lime  it  yielded  being  considered  quite  the  best  in  the  district, 
and  shipped  to  Perth,  Aberdeen,  and  other  distant  ports.  The  qnarriea  1 
here  have  been  given  up,  the  writer  is  informed,  solely  because  the  1 
Trustees  of  Ijord  Crewe's  Charities,  who  are  Lords  of  the  Manor,  T«ftiM  1 
to  allow  any  more  coal-pits  to  be  snnk  about  North  Sunderland.    The  J 


bed  is  nboat  24  feet  thick  on  an  average,  but  being  very  irregularly 
bedded  and  much  given  to  rolling  and  contortions,  the  thickness  varies 


Fig.  1.--S«Hiiii  in  Niirth^fiutidcrliunl  Qiuirr.v,  materii  .-lul.  siioH-iiip  tliL- 
ira.'giiliir  bcilding  nf  tlii>  limestone  aiid  slialp  banjn  cnmni"ii  in  (lit  Nnrtli 
SiimlcrloDd  LiinesEnitc  (in  lieu  of  strike). 

considerably.  The  irregnlaritics  referred  to  are  well  shown  in  Figs.  I  and  S, 
irhtch  are  drawings  made  to  scale  from  points  in  the  old  quarries  very 
the  line  of  section  in  Plate  II.    Theirregnlar  bedding  is  not  confined 


^IPt^^ 


Fto.  2.^Sectian  Rlion'ing  rolling  bodv  uflUiiKwtotiG  and  foiilt  in  North 
Sunderiiind  Qiwrry,  throwing  nbnnt  *'  down  to  tho  eaat.  SlioHing  nlan  the 
lanilstonc  oyerljing  the  limestone. 

to  this  locality,  but  is  characteristic  of  this  limestone  at  a  distance,  as  in 
the  Eelwell  Quarries,  at  Lowick,  for  instance,  (See  Fig.  3.)  In  a  former 
paper  it  has  been  stated  that  the  Great  Limestone  is  very  freqnently 
found  rolling  heavily  in  the  south  of  the  county;'  this  is  the  case,  but 
this  rolling  is  nnaccompanied  by  the  singular  irregularities  of  bedding 
which  are  so  constantly  present  in  the  North  Sunderland  Limestone,  and 
more  especially  in  its  lower  beds, 

See  TrannaclionB  of  tho  North  of  Englsud  Institute  of  Miuinjt  uiiil  .Meclianical 
Bnginecni.  Vol.  XXIV..  1S75.  p.  140. 
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Mr.  Tate  enumemtes  4G  speciee  of  fussiU  fi-om  this  limeetone,  and  the 
writer  has  fuuud  a  few  more.     It  ia  true  that  none  of  these,  taken 


^^*^'J^Sife^^^lit«^to5jft^;^^^^^:, 


PlO.  3. — The  Bendnell  Limestone  in' Kelwcll  Qunrrv,  Loivick.  gbowing 
irregularities  of  bedding  simolating  reversed  faults. 

Hoparately,  can  be  said  to  be  specially  chaiivcteriatic  of  this  horiaon  in 
particular,  but  tbe  assemblage  of  forms  taken  toprether  is  decidedly 
peculiar.  There  is,  ub  the  Map  will  show  (Fig.  1,  Plate  II.),  at  the  top  of 
the  tiraeatone,  a  caleareous  shale  of  small  thickness.  This  little  bed  is 
very  remarkable.  It  consists  chiefly  of  a  mass  of  small  shelle  of  the 
genera  Produetiis  and  Spiri/er  (Pr.  lonijispinus  and  Sp.  irigonalts),  mixed 
with  isolated  specimens  of  other  fossils,  among  which  some  Trilobit«s  and 
crinoidal  calyces  ai-e  the  most  noteworthy.  Once  sc«n  this  Productus  and 
Spirifer  bed  cannot  be  mistaken,  and  it  therefore  affords  a  valuable  means 
of  recognizuig  the  limestone  npon  which  it  rests. 

A  little  way  Ijeneath  the  North  Sunderland  Limestone  is  another 
calcareous  bed — a  thin  foiu'-feet  limestone  in  two  "poste,"  Now  this 
bed,  like  the  lai^r  one  above,  is  capped  by  calcareous  shale,  also  literally 
crammed  with  Proiiuclua  longispinua  and  Spirijer  Irigonalit. 

A  little  way  above  the  North  Sunderland  Limestone  there  is  yet 
another  thin  bed  of  limestone,  in  two  "posts,"  separated  by  ahaly  sand- 
stoneB  from  tlic  firHt-meutioned  shell  bed. 

Here  there  are  several  marked  pecnliarities,  enabling  one  to  fix  the 
North  Sunderland  Limestoue  when  it  is  met  with,  and  to  distinguish  it 
from  others,  viz.: — 

1. — It  ia  about  24  feet  thick,  and  is  of  esceptionulSy  good  qnatity  for 
agi'icnltnra]  and  other  purposes. 

2. — It  very  commonly  rolls. 

3, — Its  lower  posts  are  very  irregularly  bedded  and  mixed  up  with 
intercalated  shales,  which  are  constantly  thickening  and  thin- 
ning  within  certuin  limits. 
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*■ — The  next  limestone  beds  above  and  below  it  are  botli  very  thin 

and  easily  recognizable. 
5. — The  uBBcmblage  of  fossils  iu  this,  tliu  most  t'ossiliferouH  limestone 

in  North  Northombci-laud,  is  peculiar. 
6. — it  is  associated  with  two  very  remarkable  shell-bands,  one  imme- 
diately above  it,  and  tho  other  a  little  way  below  it. 
To  these  points,  which  would  be  more  than  sufficient  for  the  identifi- 
cation of  a  thick  limesttme  in  the  Beraician  Series,  add  the  fact  that 
several  well-known  coals  occur  below  the  underlying  thin  limestone,  and 
are  or  have  been  largely  (or,  more  properly  speaking,  widely)  worked, 
wherever  the  North  Sunderland  Limestone  is  known,  and  there  should  be 
DO  difficulty  in  knowing  this  bed  wherei-er  it  and  its  asHocialed  strata  are 
exposed. 

THE  BEADNELL  LIMESTONE, 

This  iKd,  No.  as  iu  the  Beadnell  Section  (Plate  II.),  litlfils  all  the 
above  conditions. 

It  is  about  24  feet  thick;  it  yields  the  same  quality  of  lime;  it  rolls 
and  is  irregularly  bedded ;  it  lies  between  two  thin  limestones ;  its  fossils 
we  those  of  the  North  Sunderland  Limestone;  it  is  capped  by  a  Productiia 
and  Spwififr  bed,  and  another  like  it  caps  the  lower  thin  limestone 
beneath  it;  and  in  the  beds  IjcIow  the  latter  the  "Beadnell  Goals"  are 
known  and  worked,  and  are  of  the  same  quality,  thickness  (generally 
speaking),  und  relations  to  their  associated  strata,  as  the  coals  at  North 
Sunderland. 

In  a  word,  the  Beadnell  Limestone  of  Red  Brae  Point  is  the  same  bed 
KB  the  North  Sunderland  Limestone  of  Nortli  Sunderland  Point  and  of 
tiic  Tiunblers  Rocks,  and  the  beds  are  numbered  in  the  Map  and  Section 
accordingly. 

THE  ANNSTEAU  FAULT. 

It  remains  to  be  shown  how  this  repetition  of  the  beds  1 9  to  28,  north  of 
the  Annstead  Sands,  has  been  brought  about.  A  fold  of  the  rocks  will  not 
wrve  one's  purpose.  A  glance  at  the  Map  will  show  snch  a  fold,  synclinal 
or  anticlinal,  or  even  an  inversion,  to  lie  impossible.  Nothing,  therefore, 
IB  left  to  account  for  the  undoubted  facts  but  a  fault.  Within  certain  limits, 
the  place  of  that  fault  or  faults  (for,  on  the  evidence  given,  it  cannot  be 
proved  that  there  is  bnt  one  fault,  though,  from  other  considerations,  it  is 
probable  that  this  is  the  case),  is  plainly  marked  out.  It  nml  run  some- 
where beneath   the  Annsteiid  Sands,   between  No.   I   of  the  Beadnell 
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Section  and  So.  28  of  tlie  North  Sunderlnnd  Section.  There  is  no  roason 
for  plucinft  it  at  any  particuinr  point  within  these  limits  i-ather  than  at  any 
other,  and,  therefore,  the  central  point  has  been  chosen  for  it  on  Plan  and 
Section  (.Plate  IJ.)  as  that  least  liable  to  error.  Of  the  exact  direction  of 
this  fanlt  there  is  little  indication  in  the  evidence  brought  forward  in  this 
paper,  except  that  in  a  general  way  it  Is  ea^t  and  west.*  Of  its  hade 
nothing  can  be  hwum  from  the  facts  given,  and  it  has,  therefore,  been 
drawn  vertical,  to  avoid  marking  anything  on  the  Section  for  which  there 
was  no  warrant  from  sarface  obeervatious ;  bnt  it  may  be  gueased  that 
since  the  downthrow  is  to  the  north  the  fault  will  incline  probably  in  that 
direction.  That  tho  downthrow  is  to  the  north  needs  no  proof,  aince  on 
that  side  high  beds  (Nob.  28.  etc,)  are  bronght  down  to  the  level  of 
lower  beds  (Noe.  1,  etc.,)  on  the  south  aide. 

With  regard  to  the  amount  of  the  downthrow  a  little  more  discoBaion 
is  req^uisite.  The  degree  of  accuracy  to  which  it  can  be  arrived  at  depends 
chiefly  npon  two  pointa,  viz.: — the  dip  observations  of  the  e!cpi»ed  beds 
in  the  Beadnell  Section,  and  the  behaviour  of  the  beds  concealed  beneath 
the  Annatead  Sands  on  either  side  of  the  fault.  The  former  point  iB  a 
matter  of  core  and  of  the  persona!  equation  of  the  observer,  the  latter  is 
confesaedly  a  matter  for  shrewd  guesswork  based  ou  eiiierience. 

First,  as  to  the  dips  of  the  Beadnell  Section.  They  are  beautifully 
shown  all  the  way  from  Ebba's  Snook  (Beadnell  Point)  to  the  Annstead 
Bocks.  They  are  nearly  uniform  as  far  as  the  Liukhouse.  (See  Map, 
Fig.  I,  Plate  II.)  Ab  to  the  direction  of  the  dip  there  can  be  no  question. 
It  is  south-easterly.  As  Ui  its  amount  there  should  be  no  question  either, 
nevertheless,  Mr.  Tate  makes  it  15  degrees,  and  the  writer  8  to  10 
degrees.!  ^^  ^^i"-  '''"te  docs  not  muntion  having  ktken  any  special  care 
in  taking  the  dtps,  as  he  doce  not  even  mention  the  change  of  dip  both  in 
direction  and  amount  beyond  the  Liukhouse,  and  as  the  ground  covered 
by  his  palmer  did  not  extend  to  the  fault,  or  make  the  consideration  of  the 
question  of  dips  of  any  particular  importance,  the  writer  prefers  to  stand 
by  his  own  reading.  At  the  Annstead  Rocks,  opposite  the  Liukhouse, 
however,  the  dip  very  rapidly  changes  Irom  south-east  to  sooth  and  then 

■  Inland  obseryatione  proTO  thii  yiew  to  bo  correct.  . 

t  The  Hon,  Hpnrj  Q.  Bennct,  in  a  paper  describing  the  basaltic  d;ke  at  Beulndl 
(Tran«iotion8  nf  the  Geological  Society,  Vol.  IV..  p,  102),  gives  the  dip  of  the  bed*  I 
here  as  one  jard  in  >ii,  which  ia  10  degrees;  Mr.  N.  Wood  makes  it  7  dcgrcei.  Both 
observations  are  accurate  for  vorions  partu  of  the  Section.  The  mean  dip  being 
■omenhat  nearer  10  degrees  than  7  degrees.  Mr.  Tate's  15  degtiws  is  cerl&iul;  much 
too  high. 
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o  Bonth-wost.  It  is  aoutli-west  where  the  sanda  begin  and  the  laat  rocks 
■onth  of  the  fault  are  seen.  In  a  Beotioo  drawn  in  thu  line  scleoted  in 
Plate  II.  the  change  of  dip  is  shown  by  the  gradual  flattening  of  the  dotted 
'line  repi'esenting  the  unseen  baae  of  No.  1,  This  does  not  mean  that  the 
'beds  are  here  really  horizontal,  bnt  that  the  line  of  section  being  here, 
owing  to  the  altered  dip,  coincident  with  the  line  of  strike,  no  dip  JB 
appai-ent  in  the  section.* 

The  element  of  doubt,  as  has  been  admitted  above,  lies  in  the  igno- 
jBiDcc  one  is  lelt  in  with  regard  to  the  continuation  or  alteration  of  the 
observed  dips.  On  the  north  side  of  the  fault,  that  is.  on  the  downthrow 
nde,  the  beds  25  to  28  are  dipping  very  regnlarly  towards  the  fault  at  10 
degrees  where  last  seen.  There  is  no  sign  of  change  of  direction  here  as 
there  is  at  the  Annstead  Rocks,  and  since  this,  the  arrangement  so  com- 
mon in  the  Newcastle  Coal-field,  namely,  dip  to  an  upthrow  or  "dip  to  a 
riser,"  though  not  that  usually  found  described  in  text-booka,  there  is  no 
reason  for  not  continuing  the  lines  of  the  beds  benenth  the  sands  with 
ibe  same  direction  and  amount  of  dip  as  far  as  the  fault.  It  must  be 
'Confessed  that  it  is  not  so  safe  to  proceed  in  a  similar  manner  on  the 
nsth  side ;  neTerthelcse,  since  there  is  no  evidence  at  hand  respi'cting 
the  behaviour  of  the  dips  between  the  last  seen  sio|)e  of  the  Annstead 
Bocks  and  the  fault,  which,  after  all,  may  be  tjuite  close  to  thnt  point, 
there  is  no  reason  for  disturbing  the  horizontal  dotted  line  which  shows 
Hie  apparent  dip  of  the  base  of  No.  1  in  the  Section,  and  for  not  con- 
tinuing that  line  to  the  fault.  It  may  be  noted  that  if  one  be  right  in 
continuing  the  dips  on  cither  side  of  the  fault  towards  it  as  they  are  last 
f«en,  the  position  of  the  fault  bccomee  of  material  importtmce  in  dis- 
■Oovering  the  exact  amount  of  its  thmw,  since  wherever  it  be  shifted  to 
within  its  possible  limits  the  level  of  the  beds  on  the  Eonth  side  remain 
nnchanged,  whereas  that  of  those  on  the  other  deepens  the  more  southerly 
.in  the  fault's  position.  In  the  extreme  possible  case  a  difference  of  300 
feet  in  the  throw  might  thus  take  place  without  surface  evidence  thereof. 

•  Mr.  N.  Woud  noticed  this  change  of  dip.  Hu  najs,  referring  to  the  bed  nnmbercd 
8  aboTH,  "  Hard  reddish  aandstone  rock,  stretching  along  the  coast  for  about  n  (]iiart«r 
of  a  mile,  the  iDclitution  of  which  graduallj  altera,  and  flnallj  becomee  quite  Hat,  pni- 
khl^  the  effect  of  aonie  "Sliji  Djkes,"  He  sUo  eridentlj  reffarded  the  rocka  about 
Sorth  Sanilvrland  a«  being  aoine  of  those  fanning  the  BeadTieU  Section  rejicated,  for 
ha  pmceeda:  "After  paiuing  a  Hat  landy  beach  of  about  a  quarter  of  a  mile,  we  find 
S  ietioa  of  beds  of  sandsl«nc,  shale,  and  limestone,  apparently  pari  of  /he  prrcrditig 
•»  doKn  by  the  Slip  DjUes  previoualj  noticed." — Lob.  nt.,  p.  310.  The  italics  in 
tike  qnotation  are  the  writer's,  not  Mr.  Wood's.  The  tattar,  however,  not  having 
Ittempted  to  identify  the  beds,  could  naturally  liavo  no  reaiiun  to  suiipect  the  great 
Ifarow  of  the  fanlt  csuaiug  the  rcgietilinn. 
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Producing  the  line  of  the  base  of  bed  No.  25  (the  Beadnell  Limestone) 
at  the  same  dip  as  that  observed  at  the  Red  Brae,  until  it  reaches  the  line 
of  fault  produced  upwards  at  z,  the  throw  would  he  xz  =  1,200  feet. 
But  in  doing  this  no  notice  has  been  taken  of  the  change  of  dip  and  con- 
sequent apparent  fattening  of  the  beds  past  the  Linkhouse  northwards. 
Rectifying  this,  the  produced  base  of  No.  25  would  reach  the  fault  at  y, 
giving  a  throw  of  little  less  than  a  thousand  feet,  or,  more  exactly,  980 
feet.  This  is  the  most  probable  throw  of  the  Annstead  Fault,  where  it 
underlies  the  Annstead  Sands,  from  the  evidence  brought  forward  in  this 
paper.* 


The  President  said  he  was  sure  they  must  all  have  been  very  much 
interested  in  hearing  Professor  Lebour's  paper,  and  he  was  certain  that  if 
anyone  chose  to  spend  a  day,  between  now  and  the  time  of  the  discussion, 
in  inspecting  the  section,  they  would  find  it  in  a  very  pleasant  neighbour- 
hood, and  would  see  some  interesting  geological  features. 

Mr.  John  Marley  proposed  a  vote  of  thanks  to  Professor  Lebour  for 
the  paper,  the  publication  of  which  would,  he  said,  induce  not  only 
young  students,  but  perhaps  some  of  the  older  members  also,  to  visit  the 
place  and  see  for  themselves  the  beautiful  panorama  of  strata  there 
illustrated. 

The  motion  was  agreed  to. 


The  Secretary  read  the  following  ''  Remarks  on  Lightning  in  the 
Pit  at  West  Thomley  Colliery,"  written  by  Mr.  Henry  White  : — 


*  If  Mr.  Tate's  dip  of  15  degrees  be  adopted,  the  amoant  of  throw  wotdd  be 
X  tf  ^  1,700  feet.  That  the  throw  should  be  so  abnormally  great  would  iu  itself ,  in 
the  absence  of  confirmatory  evidence,  tend  to  prove  the  dip  as  being  much  over^ 
estimated. 
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EMARK8  ON  LIGOTNING  IN  THE  PIT  AT  WEST  THORNLBY 
COLLIERY,  ON  DECEMBER  11th,  ims. 


Bv  HENRY  WHITK. 


mB  the  belief  of  many  people  that  lightning  cannot  descend  into 

hangs  of  a  pit,  the  writer  has  thought  that  it  might  be  desirable 

r*iiother  well  anthenticated  record  of  the  presence  of  the  electric 

Mnid  in  a  mine  during  a  thnnderatorm  to  the  one  at  Tanfield  Moor  already 

f  recorded  in  piige  31,  Vol.  XXX.  of  the  Transactions  of  the  InBtitute, 

West  Tliornley  Colliery  {which  has  three  times  been  the  site  of  elec- 
I  trioal  dischargcB)  is  situated  about  a  mile  from  Tow  Law,  which  is  1,000 
(  feet  above  the  sea  level ;  it  is  25  fathoms  deep,  and  is  sheltered  by  a  hill 
V  on  the  south  side  50  feet  high,  which  commences  to  rise  about  50  yards 
I  from  the  pit,  the  ground  on  all  other  sides  being  fairly  level. 

The  steam  boiler  chimney  was  40  feet  high,  12  feet  south-west  from 
[  the  engine  house,  and  68  feet  south-west  from  the  centre  of  the  pit. 

The  pulleys  are  53  feet  from  the  surface.  The  ropes  are  made  of 
I  plough  steel,  the  cagea  of  steel,  the  guides  or  skcats  are  made  of  iron 
I  rails,  secured  by  wrought  iron  buntons,  and  there  are  four  rapper  ropes 
I  in  the  pit,  two  of  which  only  reach  to  the  bottom  seam.  There  are  three 
ranges  of  pipes  in  the  pit,  viz.,  a  sett  of  5-inch  steam  pipes  n,  Plate  HI. 
covered  with  patent  composition,  which  lead  into  u  receiver  x  at  the 
pit  bottom,  and  from  it  to  the  imdergrouud  hauling  engine  y,  which  is 
40  yards  on  the  south  side  of  the  pit  bottom.  A  second  range  conaista 
of  an  8-inch  rising  main  b,  which  resta  upon  a  large  balk  at  pit  bottom, 
and  a  third  range  e  of  10-inch  pipes,  which  goes  into  the  sump  abont 
15  feet  below  the  flat  sheets,  and  is  now  used  for  conveying  exhaust  steam 

I  to  bank. 
About  lU  F.H.  on  Tuesday,  December  lllh,  1883,  there  was  a  violeut 
wind,  with  heavy  rain,  accomjmnied  with  mnch  thunder  and  lightning. 
About  10'15  the  winding  engine  brakesman,  Mark  Adams,  who  was 
watching  the  storm  out  of  the  engine  house  east  window,  saw  a  flash  of 
forked  lightning  about  the  pulleys,  and  heard  a  heavy  peal  of  thunder, 


Hi 
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aiid  nboul  five  minutes  iifU-rwards,  ai  10"^U,  when  etUI  Uwkiilg  out  of 
the  window,  saw  cmother  brilliant  flash  of  forked  lightning  strike  the 
puUejB  aud  light  everything  np  in  a  blaze,  almost  blinding  him,  instantlf 
accompanied  by  n  terrific  clap  of  thunder.  Hearing  a  gi-eat  noise  on  the 
other  or  west  aide  of  the  engine  house,  he  opened  the  door  aud  found  the 
boiler  chimney  had  been  struck  at  tho  top  on  the  north-wcat  side,  and  a 
large  zigzag  rent  made  on  the  west  aide,  varying  in  width  from  a  few 
inchea  to  two  feet  and  reaching  to  within  about  15  feet  from  the  bottom,  [ 
and  bricks  and  lime  were  falling  all  over  the  place. 

Robert  Emery,  the  master  shifter,  who  was  engaged  about  three  yards  1 
from  the  shaft  bottom,  said  he  heard  brattles  of  thunder  about  10  I 
o'clock,  and  between  that  and  ]0'20  he  heard  a  very  heavy  one,  when  at  I 
the  same  time  a  flash  of  lightning  came  down  the  pit  on  the  snnth-weBt  ] 
side,  and  apparautly  down  the  rapper  rope  r',  glancing  from  the  I 
rapper  handle,  which  pointed  at  an  angle  of  45  degrees  towards  the  j 
6-inch  steam  pipes  a,  which  were  about  three  feet  off  and  uncovered  at  j 
that  point,  and  producing  a  brilliant  light  and  a  noise  like  that  of  the  J 
firing  of  a  gun. 

There  are  metal  flat  sheets  on  both  sides  of  the  pit. 

There  were  no  marks  of  damage  abont,  bub  the  flash  seemed  to  have  1 
left  behind  a  sort  of  vapour  which  appeared  to  pass  along  the  steam  J 
pipes  inbye,  and  it  may  be  asanmed  that  the  hghtning  struck  the  pnllcys  1 
and  went  down  the  winding  rope  to  the  cages,  which  were  standing  id  ( 
the  shaft,  and  then  passed  to  the  rapper  rope. 

John  Craggs,  shifter,  who  was  also  working  at  the  pit  bottom,  c 
firmed  the  above  statement. 

This  occiurence  the  writer  has  investigated  with  great  care,  and  puta  I 
it  forth  as  u  statement  entitled  to  every  credence ;  the  following  8tat«-  I 
ments  refer  to  the  two  previous  discharges  that  had  been  noticed  :- 

Abont  thi'cc  years  ago,  in  the  summer,  and  during  the  middle  of  th«  I 
day,  W.  Newton,  onsetter,  said  a  flash  of  lightning  came  down  the  pit  I 
and  appeared  to  strike  the  flat  sheets  on  the  nnrth-weat  side,  mi 
very  brilliant  light,  and  a  report  louder  than  any  gun.  Thoae  at  the  pife  I 
bottom  also  Haw  it  and  were  I'ery  mnch  frightened. 

At  the  same  time  the  underground  hauling  engineman  had  bis  Land  ] 
on  the  throttle  valve  handle  and  felt  a  strong  shock  in  his  wrist  and  arm,  ] 
and  saw  the  lightniug  moat  distinctly.  Two  ahifters  who  were  working  I 
abont  15  yards  from  him  saw  the  lightning  moat  diatinctly  throngh  a  I 
stenton  at  right  angles,  but  there  were  no  rails  or  pipes  to  conduct  it  to  [ 
them  through  the  stent<in. 
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About  fifteen  yoara  ago,  ut  jnid-day,  when  W.  Newton  was  then 
banking  oat,  and  had  his  hand  on  the  cage  aneok,  there  was  a  very  virid 
flash  of  lightning,  and  he  experienced  &  very  severe  shock  in  his  arm  and 
feet,  and  considerable  pain  and  numbness  for  the  remiiinder  of  the  day. 

It  would  appear  in  this  case,  too,  as  if  the  lightning  had  struck  the 
winding  rope,  passed  through  the  cage,  which  was  at  bank,  to  the  akeate, 
and  gone  down  the  pit,  at  the  bottom  of  which  it  was  most  diatinctly 
seen.  It  then  struck  one  of  the  flat  sheets,  and  broke  it  into  several 
pieces,  passing  probably  along  the  rails  to  the  face  of  the  south  stone 
drift,  which  was  then  about  80  yards  from  the  pit  bottom,  and  was  most 
distinctly  seen  there  by  two  stonemen  who  were  guttinjf  their  baits,  who 
said  that  it  lighted  up  the  whole  place. 

Having  had  some  conTcrsation  with  Mr.  Maasingham,  Dean  Street, 
Newcaatle.  who  lias  had  large  experience  in  putting  up  lightning  conduc- 
tors, etc.,  the  writer  asked  him  if  he  knew  of  any  local  reasons  why  this  pit 
should  have  been  so  often  struck,  and  be  replied  that  when  once  a  place 
had  been  struck  by  lightning  it  was  reudered  more  liable  to  be  struck 
again  for  some  time  after,  and  that  some  paria  of  the  earth,  owing  to  the 
nature  of  the  soil,  etc.  (which  at  West  Thomley  was  a  wet  bluiah  clay 
proljably  with  metallic  veins  running  through  J,  had  a  greater  affinity  for 
lightning  than  a  dry  soil  of  sand,  chalk,  or  granite. 

When  asked  as  to  the  area  or  space  a  conductor  would  protect,  he 
said  it  was  now  generally  agreed  that  the  area  protected  was  in  the  form 
of  a  cone  whose  base  was  equal  to  its  height,  so  that  it  would  appear  all 
chimneys  or  buildings  a  certain  distance  apart  should  have  a  separata 
conductor:  and  be  was  of  opinion  that  the  lightning,  being  forked,  had 
struck  the  West  Thornley  chimney  and  pulleys  simultaneously,  and  that 
a  conductor  on  the  chimney  would  not  in  all  probability  have  prevented 
the  lightning  going  down  the  pit. 

The  pit  l)eing  au  upcast,  the  warm  current  of  air  wonld  offer  a 
great  indncement  to  the  lightning.  AJl  lightning  conductors  should 
be  tested  about  once  a  year,  as,  owing  to  alterations,  repairs,  and  earth 
connections  being  disturbed,  they  are  apt  to  get  out  of  order. 


Mr.  8.  F.  Walker  said,  he  thought  the  thanks  of  every  pereon 
interested  in  this  question  were  due  to  the  author  of  this  paper  for  the 
very  careful  way  in  which  he  had  given  them  all  the  details.  The  action 
of  lightning  was  the  most  difficult  branch  of  electrical  study  that  be  knew 
of;  and  its  difficulty  was  principally  due  to  the  fact  that  lightning  was 


84 


LIGHTSraO  IS  THE  PIT  AT  WEHT  TUORSLEY — DiaCtlSSIOH. 


always  doing  Bomething;  they  did  not  eipert.  Lightning  apparently  acted 
ia  a  promiscnons  sort  of  way,  and  went  where  it  liked,  and  did  as  much 
damage  as  it  could,  and  there  was  no  gnarding  against  it;  but  he  thought 
if  they  carried  the  matter  back  to  first  principles  tliey  wonld  tind  the  whole 
thing  was  simple  enough;  in  fact,  the  difficiil ties  were  dae  entirely  to  the 
enormous  tension  at  which  the  charge — which  wna  the  force  throngh 
which  lightning  acted — was  generated.  He  thonght  the  same  kind  of 
difBcnlty  was  experienced  in  regard  to  the  smelting  of  iron.  So  far  as 
he  knew,  in  regaiv)  to  smelting,  there  were  enormoas  faoat«,  and  up  to 
very  recently,  he  believed,  there  was  no  method  of  testing  the  actual 
degree  of  heat  which  was  required  to  complete  the  process,  and  still  lees 
the  heat  that  was  necessary  economically  to  do  aoj  simply  because  nohody 
could  get  near  enough  to  measure  the  heat  in  the  furnace  with  any 
degree  of  certainty.  So  they  were  under  the  same  difficulty  with  lightning, 
because  they  had  no  lightning  test.  If  they  could  know  the  conditions 
which  were  present  in  the  lightning  discbarge,  they  could  possibly  find  out 
all  it  could  do,  and  all  it  could  not  do;  bnt  they  could  not  have  that  know- 
ledge, because  the  tension,  so  far  aa  they  were  able  to  judge  by  reasoning 
upon  the  actual  facta  uniler  which  the  lightning  acted,  was  cconnously  in 
excess  of  any  tension  they  could  possibly  experiment  with.  Ur.  Spottis- 
woode,  the  late  President  of  the  Royal  Society,  and  Dr.  De  la  Rue,  had 
spent  many  years  in  espcrimenting  on  this  subject,  and  built  up  a  battery 
of  some  KJ.OOi.)  cells:  but  they  did  not  get  anything  near  the  tension, 
not  the  hundredth  part  of  the  tension  perhaps,  developed  in  the  ordinary 
lightning  flash.  When  they  knew  the  difficulty  of  setting  up  10,000  cells, 
and  keeping  up  the  insulation,  they  could  imagine  the  immense  difficulty 
of  finding  out  what  really  took  place  in  a  case  such  aa  now  reported. 
They  could  only  judge  hy  reasoning  as  closely  as  they  could  npon  what 
took  place  from  time  to  time,  and  from  a  careful  comparison  of  the  diOereat 
results  they  kuew.  Lightning  was  merely  a  very  powerful  electric 
spark ;  it  was  only  a  discharge  from  a  cloud  very  highly  charged.  It 
was  little  matter  how  the  cloud  gathered  it,  or  generated  it;  thg 
chai^  would  he  increased  by  its  friction  with  the  atmosphere  aa  it  blew 
along  by  the  action  of  the  wind.  The  air  had  an  enormous  resistance. 
The  current  equalled  the  force  divided  by  the  resistance.  If  the  resistance 
was  one  million  Ohms  (and  it  might  easily  be  many  millions)  it  was 
necessary  that  there  should  be  a  hundredth  part  of  that  force  between 
the  cloud  and  the  object  which  it  was  to  strike,  for  it  to  deliver  the  cnrreiit 
necessary  to  pass  the  spark;  and  so  long  as  it  did  not  get  that  difTerenoo  i 
in  the  tension,  and  satisfy  that  condition,  no  current  could  paas.     The 
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action  of  a  cloud  probably  was  that  it  would  acquire  higher  aud  higher 
toosion  a£  it  passed  along,  and  he  thuuglit  he  was  right  in  Htating  that  in 
the  case  of  thtiodery  weather,  tlie  cloud  came  lower  and  lower,  and  the 
atmoflphere  between  the  cloud  and  the  earth  Ijecamc  more  impregnated 
with  moisture  than  on  an  ordinary  day.  and,  therefore,  the  coiiditiouB  of 
discharge  became  more  and  more  favourable.  As  the  cloiid  passed  along, 
any  elevated  object,  such  as  a  chimney  stack  or  a  head  stock,  or  anything 
high  would  reduce  the  resistance  very  considerably.  A  chimney  200  leet 
high  would  reduce  it  euormouslyj  because  the  resistance  of  200  feet  of  air 
would  be  enormonsly  in  encess  of  the  resistance  of  200  fett  of  dry  brick- 
work, or  perhaps  wet  brickwork.  Bricks  wore  porous,  and  when 
exposed  to  the  atmosphere  they  would  probably  iill  to  a  certain  cstont 
with  moiBtnre;  while  deposited  imidc  the  chimney  there  was  usually  a 
very  compact  layer  of  carbon,  with  it  might  be  some  salts,  so  that  the 
chimney  itself  might  be  by  no  means  a  bad  conductor,  and  the  mere 
approach  of  a  cloud  might  determine  the  conditions  of  the  dischai^e,  and 
it  might  be  that  when  a  cloud  aiTired  within  a  certain  distance  of  a 
certain  chimney  the  resistance  might  be  sufficiently  low  to  enable  it  to 
pass  the  reijuired  current.  But  In  determining  the  resistance  thoy  had  to 
consider  the  whole  of  the  parts  of  the  chimney.  The  outside  brickwork 
was  one  part,  and  the  inside  of  the  chimney,  leading  to  the  furnace,  and 
more  or  leas  iu  metallic  connection  with  the  boiler,  was  another.  The 
heated  air  and  smoke  from  the  chimney  would  also  lessen  the  resistance. 
If  there  was  a  lightning  conductor  on  the  chimney  it  would  deliver  the 
whole  of  the  charge,  no  matter  how  great  it  might  be,  silently  into  the 
earth,  provided  it  was  carried  sufficiently  above  the  chimney,  and  was  in 
such  a  position  that  the  resistance  offered  by  the  lightning  conductor  was 
very  much  less  than  any  other  resistance.  It  would  be  useless  for  a  light- 
ning conductor  to  be  at  such  a  distance  from  the  object  it  was  intended 
to  protect,  that  the  resistance  offered  by  the  distance  between  it  and  the 
cloud  left  a  fair  path  in  some  other  direction  not  protected.  There  was 
another  law  in  electricity  which  said  that  when  a  current  had  two  or 
more  paths  open  to  it,  it  divided  in  the  inverse  proportion  to  the  resistance, 
the  largest  portion  went  to  where  the  smaller  resistance  was,  and  the  smaller 
portion  to  where  there  was  the  largest  resistance.  In  this  case  the  light- 
ning appeared  to  have  divided,  so  far  as  he  conld  see,  into  five  or  six 
different  paths.  There  were  two  parts  in  the  chimney  itself — the 
brickwork  of  the  ciiimney,  imd  the  inside  of  the  chimney  leading 
to  the  furnace — where  the  discharge  would  take  place  naturally.   Whatever 
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the  canse,  the  share  of  the  charge  which  the  ohironej  itaelf  took  wae  Boffi- 
cientiy  great  to  do  considerable  damage.  There  was  another  iuw.  and  that 
was,  that  where  a  current  encounlcred  resistance  it  did  dam^  tn  exact  pro- 
portion to  the  regiatanco  it  encountered.  If  the  cnrrent  was  liirne  it 
developed  heat  according  lo  the  square  of  the  carrcnt.  If  the  cmreat  was 
smaU  and  the  force  large,  the  damage  would  be  aa  the  sijaare  of  the  force. 
In  this  case  the  current  going  down  the  chimney  might  be  very  sraall,  bnt 
the  force  would  be  bo  large  as  to  be  eaffictent  to  do  the  damage  that  was 
done.  Then  another  portion  would  strike  the  pulleys.  The  head  stocks 
were  of  wood  but  the  pnlleys  would  be  iron,  and  would  be  in  connection 
with  the  rope,  but  not  in  perfect  electrical  connection,  because  there  was 
always  a  good  deal  of  grease,  and  grease  was  not  a  good  coiidpctor;  uon- 
eequently  the  current  would  again  split,  and  part  woald  go  down  the  rope. 
Another  law  was,  that  when  there  was  a  charge  of  electricity,  involving  a 
very  small  quantity,  hut  at  very  high  tension,  if  any  other  object  were 
brought  in  connection  with  it,  or  near  it,  aa  a  conductor,  it  would  take  a 
portion  of  that  charge.  In  this  case  the  rope  and  engine  would  relieve  the 
charge  of  a  Jat^  portion  of  its  int^naity  and  another  part  would  pass  on  to 
the  boiler,  and  to  the  feed  place  or  pond  where  the  water  was  drawn  from. 
It  was  his  opinion  that  if  the  ropes  were  in  perfect  electrical  connectioa 
with  the  pulleys  and  the  pond  made  good  earth  no  charge  would  have 
found  its  way  down  the  pit.  It  was  owing  to  the  imperfect  con- 
nection between  the  ropes  and  the  pulleys,  aud  again,  probubly,  the 
drama  and  the  ropes,  ovring  to  the  layer  of  grease  which  offered  a 
certain  resistance  to  the  passage  of  the  charge,  that  a  portion  went 
down  the  rope  leading  into  the  pit  and  to  both  cages.  The  cages, 
he  presumed,  would  bo  in  connection  with  the  guides,  and  the  guides 
would  take  a  portion  of  the  charge,  aud  the  cages  a  portion.  The 
gnides  would  carry  the  charge  into  the  sump,  where  still  more  of  it 
would  be  dissipated.  If  the  sump  were  making  perfect  earth,  aud  able 
to  dissipate  the  whole  of  the  charge,  there  would  be  no  flash  going 
to  the  rapper  handle,  but  the  sump  took  only  a  certain  portion  of  the 
charge,  the  sides  of  the  shaft  another  portion,  the  pipes  another  portion, 
and  still  there  was  enough  left  to  get  to  the  rapper  wire.  Ue  thought 
most  probably  the  origiual  flash  struck  at  the  same  time  the  pulley  and 
something  in  connection  with  the  rapper  wire.  Then  the  charge  going 
down  this  wire  apparently  could  find  only  one  outlet,  aud  flashed  across  to 
the  pipes  which  led  away  to  the  hauling  engine,  in  connection  with  which 
there  was  always  a  mase^of  metals,  rails,  imd  rope  in  addition  to  the  whole 
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e  of  coal.  A  gentlemaa  made  expenmentB  in  South  Wales,  about  two 
jears  ago,  ou  this  subject — which,  however,  ho  had  not  had  time  to  verify 
—to  prove  that  coal,  although  an  imperfect  conductor,  would,  if  the 
teiisioQ  waB  high,  accept  a  charge.  If  that  were  so,  and  if  the  charge 
did  find  its  way  into  the  mine,  the  enormous  surface  rif  the  mine  would 
lead  the  charge  away,  and  it  would  bo  diEsipated.  So  far  as  he  could 
Barn,  in  every  case  he  knew  of,  that  seemed  to  be  the  course  the  lightning 
adopted.  In  one  of  the  other  cases  mentioned,  the  man  at  the  nndcr- 
groimd  hauling  engine  saw  the  lightning  and  rocci%'ed  a  shock  in  his  hand 
W  arm,  and  men  some  distance  off,  round  a  corner,  saw  the  lightning, 

ell.  There  were  two  explanations  of  this.  One  was  that  it 
Has  an  optical  effect,  and  the  other  that  it  was  electrical.  He  was  inclined 
.to  think  that  what  the  meu  saw  was  the  remainder  of  the  chaise  dis- 
tributing itaelf  harmlessly  over  the  coal,  and  he  was  borne  out  in  this 
opinion  by  the  fact  that  no  harm  seemed  to  have  been  done.  In  no  case 
■where  lightning  penetrated  int>i  a  pit  had  any  man  been  seriously  injured 
by  what  was  left.  It  had  been  said  that  explosions  had  occurred,  but  he 
had  seen  no  conclusive  proof  of  that.  The  mere  fact  of  a  charge  with 
all  these  paths  open  to  it  still  finding  its  way  down,  and  then  only 
hnrting  a  man's  arm  and  doing  no  serious  injury,  was  conclusive  proof 
that  the  charge  must  have  been  considerably  dissipated.  He  believed  the 
cases  in  wliich  lightning  descended  a  pit  were  very  few  indeed,  and  he 
did  not  know  of  any  properly  authenticated  instance  in  a  working  mine 

1  explosion  occurring  through  lightning.  He  did  not  say  it  could 
not  take  place;  but  to  be  safe,  a  properly  fixed  lightning  conductor, 
i  large  and  with  as  many  points  in  as  many  different  directions  as 
possible,  should  be  carried  above  the  head  stock  as  high  as  possible, 
.and  the  end  carried  into  good  damp  ground  or  a  river.  If  such 
■-i  lightning  conductor  were  placed  over  every  colliery  in  the  king- 
dom they  would  not  hear  of  lightning  going  underground  into  work- 
ings. The  first  office  of  a  lightning  conductor  was  to  discharge  the 
cloud  long  before  it  arrived  at  the  object  which  the  conductor  was  to 
protect.  What  was  known  as  the  first  discharge  took  place  at  the  points 
of  a  lightning  conductor,  and  the  area  over  which  it  was  discharged  would 
be  very  great.  They  had  in  Germany,  or  they  had  some  years  ago,  a 
very  large  machine,  and  the  brush  discharge  from  that  machine  was,  he 
thought,  30  feet.  If  that  were  so  with  the  comparatively  small  tension 
they  were  able  to  get  with  the  largest  and  most  perfect  machine  they  could 
make,  then  the  brush  discharge  from  a  point  with  a  charge  of  &r  higher 
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tension  rauBt  be  very  much  greater  than  that.   The  second  office  of  the  con- 
ductor wiifi  this — It  iiifglit  happen  that,  notwithstanding  l.lic  brash  dis- 
charge, the  charged  cloud  would  be  driven  along  by  a  strong  wind,  and 
arrive  ai  the  object  before  the  conductor  had  time  to  discharge  it,  lu  that  ] 
case  the  conductor  would  take  it  hannlesslj  to  earth.    If  the  conductor  ] 
was  property   fixed,  and  had  the  capability  of  conducting  the  high^  1 
current  and  the  greatest  tension,  tht:n  it  ought  to  be  possible  to  take  that 
conductor  through  a  powder  magazine  without  doing  any  harm.     The    i 
human  Ixidy — the  object  most  Bcnsitive  to  electricity  he  knew  of — would  1 
pi-dbably   not   feel   it,   always   provided   the   conductor    were    perfect. 
Conductors  required  to  be  looked  at  occaaioually,  for  it  became  a  serious  1 
matter  if  the  conductor  were  tampered  with,  and  the  defect  not  found  out. 
He  understood  there  had  been  a  controversy  in  the  North  as  to  whether  ] 
b'ghtning  went  from  the  earth  to  the  cloud  or  from  the  clond  to  the  ] 
earth,  and  that   there   were   no   such   thing  as  discharges,  but  only 
thunderbolts.     So  lar  as  he  could  understand  he  could  see  no  difiercnce,  j 
whether  it  went  from  the  earth  to  the  clond  or  from  tlie  cloud  to  the 
earth,   in  the  effects   produced.     As   to  thunderbolts,  he  remembered 
many  years  ago  seeing  an  object  which  he  was  told  was  a  thunderbolt. 
It  was  a  small  ball  which  had  been  broken  open,  and  had  a  beautifol 
crystalline  structure  inside.     With  tlie  knowledge  which  he  had  aajnired  I 
since,  he  imagined  that  if  that  was  a  thnnderliolt,  it  would  be  formed  I 
simply  by   the  sudden   condensation  of  metallic  vapour  held  in  sns-  j 
pension    in    the  atmosphere — supposing   that   it  was  metaltio  vaponr.  j 
If,  from  disturbance  in  the  atmosphere,  snoh  a  bolt  fell  it  would  kill  any  J 
man  it  struck,  and  injure  a  building,  but  that  was  very  different  from  the  1 
damage  done  by  lightning. 

Professor  Lebour  said,  the  thunderbolts  alluded  to  by  Mr.  Walker  -J 
were  undoubtedly  lumps  of  iron  pyrites,  and  were  common  in  the  South  I 
of  England.  They  certainly  bad  not  come  from  above,  but  from  the  J 
chalk  and  the  green  sand,  and  other  formations. 

Professor  Hebschel  said,  he  did  not  thiuk  a  discussion  had  ever 
been  raised  in  the  North  as  to  whether  lightning  went  np  or  down.  The 
question  of  its  going  up  or  down  would  not  affect  the  danger  of  its  action; 
but  the  question  of  what  road  it  took  was  a  far  more  important  point. 
This  subject  hud  already  been  placed  l^fore  the  Institute  at  considerable 
lengtl)  in  pajiers  contained  in  Vol.  XXX.,  where  there  was  a  carefully 
described  instance  of  the  lightning's  course  in  a  pit;  and  therefore  they  ■ 
could  not  doubt  that  it  did  enter  the  pit,  and  rami^  about  the  wagonways  J 
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for  the  long  distance  of  800  yiirdfl,  and  always  continuinfi  to  have  great 
in  tensity  and  tfiiBi  on.  So  far  from  dififtiBing  itself  in  the  coal,  ne  they  hoped 
and  wished  it  would  without  riek,  it  had  been  attended  with  reports  and 
floahes  which  could  not  bnt  be  attended  with  risk  in  a  fiery  mine.  The 
conree  which  the  lightning  pursned  In  this  case  might  certainly  be  too 
difficult  for  them  to  enter  upon  without  much  more  full  details  as  to  the 
metallic  parts  of  the  connection  between  the  point  of  the  stroke  of  the 
lightning  above  groimd,  and  where  it  waa  received  iind  perceived  below 
ground.  Such  probabilities  as  that  the  grease  would  affect  the  direction 
the  lightning  would  take,  could  not  possibly  be  entertained.  Mr.  Walker 
spoke  about  the  tennion  of  lightning,  and  instanced  that  of  10,000  cells 
as  below  the  mark.  If  50,000  cells  were  necessary  to  produce  a  spark  a 
quarter  of  an  inch  long,  what  wonld  be  necessary  when  they  had  lightning 
flushes  of  a  mile  or  more  long?  They  &juld  not  describe  the  tension  by 
thousands  of  thousands  of  cells;  and  grease  would  present  no  obstacle  to 
such  an  electric  force.  He  believed  the  evidence  brought  before  the 
Institute  on  former  occasions  of  lightning  strokes  in  mines,  and  those 
which  had  now  been  freshly  introduced,  all  pointed  to  this:  that  the 
stroke  of  the  lightning  must  be  warded  off,  and  not  guided  into  the 
mine  in  any  manner.  Mr.  Walker  woa  right  in  saying  that  a  good 
lightning  conductor  should  be  provided  about  all  the  prominent  parts 
of  &  colliery,  and  have  u  good  eartli  connection.  In  page  43,  Vol.  XXX. 
of  the  Proceedings  of  the  Institute,  Mr.  Heaviaidc  wrote  a  letter  in 
which  he  gave  three  instances  of  earth  being  unsuitable  for  electrical 
purposes — at  the  Ballast  Hill,  North  Shields,  at  Throckley,  and  at  West 
Stanley,  when  they  were  unable  to  find  earth  for  the  electric  tele- 
graph wires.  At  the  North  Shields  Balluat  Hill  the  retuin  wire  had 
to  be  taken  down  to  the  River  Tyne.  There  was  no  doubt  they 
would  not  get  a  good  earth  for  a  lightning  conductor  at  al!  collieries;  bnt 
at  most  collieries  there  was  a  stream  of  running  water,  to  which  the  con- 
ductor must  he  taken,  no  matter  how  distant.  This  was  really  ihe  point 
in  the  matter  of  protecting  mines.  It  was  unuecessarj  to  enter  into 
elaborate  details  what  route  the  lightning  took  on  one  occasion  or 
another.  They  could  not  foretell  or  foresee  what  direction  it  would  take. 
The  supposed  probability  that  it  would  repeat  its  stroke  a  second  time 
at  the  same  place  was  perhaps  ideal.  The  lightning  did  not  strike  the 
chimney  on  the  previous  occasion.  A  lung  iron  rope  leading  into  the 
Hump  wae  a  suitable  channel  for  the  lightning  to  take,  but  whether  it 
would  take  the  same  channel  another  time  one  could  not  say. 
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Colonel  Pahnell  said  that  the  matter  refjnired  careful  study.  There  I 
had  becu  a  good  deal  of  oontroveraial  matter  mcntioDed  which  bad  no  J 
connection  with  this  incident  at  all,  and  he  hardly  thought  this  the  ' 
time  or  place  to  ent«r  into  these  mutters.  He  thought  Mr.  White's  paper 
very  interesting,  and  he  hoped  they  would  soon  be  able  to  obtain  some 
light  as  to  the  best  means  of  proteotlng  collieries  in  regard  to  lightning  ■ 
strokes. 

Mr.  Ma^inshah  said,  he  had  been  courteously  invited  to  attend  the  I 
meeting,  not  as  a  scientist,  but  as  a  practical  man.     He  had  advanced 
the   l.heoiy,   that  after  a  chimney   or  other  building  had  once  been 
struck  by  lightning,  that  it  had  a  greater  affinity  for  the  electric  fluid 
than  it  had  before,  and  was  thereby  rendered  more  liable  to  be  struck 
again.      Uc  liad  no  scientific  anthority  for   this  assertion,   although 
he   had  carefully  searched  all  the  books  that  he  could   find  bearing 
upon  thu  subject,  bnt  could  not  find  that  this  particular  fact  had  been 
noticed  at  all.     The  suggestion  was  based  solely  on  his  own  jiersonal 
observation  and  knowledge  of  tlie  fact,  that-  numerous  cases  of  spires, 
chimneys,  etc.,  had  been  struck  by  lightning  several  times  over  (although 
previous  to  the  first  stroke  they  had  stood  for  yeara  unharmed),  whilst 
others  in  the  immediate  vicinity  had  escaped  uninjured,  and  he  thought 
that  there  must  be  Bume  particular  reason  for  this.     He  knew  that  this  i 
had  been  the  case  in  a  great  mauy  local  instances,  and  no  doubt  there  J 
were  hundreds  of  similar  cases  which  he  knew  nothing  of.     He  was  in-  1 
clined  to  think  that  when  a  building  or  chimney  had  becu  struck  1^   , 
lightning  it  remained  charged  with  electricity,  the  same  as  a  piece  of 
magnetised  iron,  for  an  indefinite  time,  and  l>emg  in  this  charged  state, 
the  chimney  or  building  would  have  a  greater  affinity  fur  lightning  thaa 
it  had  before,  and  be  more  liable  to  be  struck  again. 

Professor  Mebivale  said,  that  as  to  a  place  once  stnick  being  struck  I 
again  by  lightning,  he  supposed  it  would  not  be  a  matter  of  wonderi  1 
because  the  conditions  which  would  make  the  place  liable  to  be  strnck  | 
once,  would  make  it  liable  to  be  struck  again. 

Mr.  Wai.eer  said,  he  could  fall  in  with  the  view  of  the  last  speaker, 
and  not  with  those  of  Mr.  Massingham,  that  the  chimney  remained  in  a 
chained  condition.  An  object  whb  stnick  because  the  meterological  and 
electrical  conditions  were  favourable  to  discharge  by  that  path;  and  if 
these  conditions  remained  the  same,  the  object  might  be  again  atmok. 

Mr.  Mabsinqham  said,  he  could  not  agree  to  the  remarks  of  Pro-  ] 
fessor  Merivale,  for  he  had  known  a  chimney  built  on  a  certain  spot  i 
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of  earth  fifty  years  ago,  on  a  certain  spot  which  would  presumably 
remain  tho  same  during  the  whole  fifty  years.  For  the  first  forty  years 
the  chimney  was  not  visited  by  lightning,  but  in  its  fortieth  year  it 
received  a  stroke,  and  in  the  ensuing  ten  years  several  other  strokes, 
What  is  to  t>e  ioferred  from  this?  Did  the  conditions  remain  the  same 
as  they  always  were,  or  were  they  altered?  If  altered,  in  what  way? 
May  not  the  building  and  ita  surroundings  have  become  charged  as 
suggested  ?  He  did  not  pretcud  to  be  able  to  solve  this  question,  but 
certuinly  considered  that  such  cases  as  this,  of  which  be  had  numerous 
instances,  will  go  a  long  way  to  prove,  at  least,  the  consiatcnoy  of  the 
theory  advanced.  Mr.  Walker  said  that  he  conld  fall  in  with  the  views 
of  the  last  speaker,  but  would  not  admit  "that  the  chimney  remained 
in  a  charged  condition,"  but  as  he  did  not  give  satisfactory  reasons  for 
saying  so,  he  (Mr.  Massingbam)  could  not  accept  hie  opinion  as  final  or 
conclusive.  ProfeBsor  John  Murray,  F.S.A.,  F.L.8.,  F.H.S.,  F.G.S.,  &o., 
in  his  work  entitled,  "A  Treatise  on  Atmospherical  Electricity,  Lightning 
Bods,  and  Paragr^les,"  said: — "Once  struck,  we  should  preenme  that 
the  same  spot  la  always  liable  to  a  revisit,  as  there  arc  several  instances 
of  bnildingB  in  this  country  having  been  similarly  visited."  This  exactly 
coincided  with  bis  own  observations  and  experience,  and,  coming  from  so 
eminent  a  scientist,  ho  submitted  that  it  is  a  theory  that  should  receive 
a  full  and  free  investigation,  as  it  must  be  a  point  of  great  importance, 
more  particularly  in  the  prot«ction  of  collieries  and  their  surroundings. 
Mr.  Walker  also  said,  that  in  the  case  of  the  West  Thomlej  pit,  if 
the  rope  and  the  pulley  had  been  electrically  amnected,  the  lightning 
would  not  have  gone  down  the  pit!  Where  would  it  have  gone?  He 
was  of  opinion  that  whilst  the  rope  was  running  over  the  pulley,  both 
were  electrically  connected,  the  bright  parts  of  the  rope  coming  in 
contact  with  the  bright  parts  of  the  inside  of  the  pulley,  forming  a 
perfect  electrical  connection,  and  yet  the  stroke  went  down  the  pit. 
There  is  but  one  way  of  preventing  lightning  strokes  from  going  down 
pit  shafte,  and  that  is,  to  have  properly  couBtructed  lightning  conductors 
erected  considerably  higher,  and  independent  of  the  head  gearing  of  the 
shad,  and  carried  to  a  perfect  and  good  earth  contact;  indeed  this,  the 
earth  contact,  is  tho  principal  part  of  a  lightning  conductor,  and  the 
neglect  or  ignorance  of  this  fact,  is  the  most  frequent  cause  of  their  failure. 
It  still  remains  to  solve  the  question  or  theory,  as  to  whether  a  place 
having  been  once  struck  is  thereby  rendered  more  liable  to  be  struck  again; 
and  as  this  very  important  point  in  the  subject  of  lightning  strokes, 
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appears  hitherto  to  have  received  very  little  attention  at  the  hands  of  onr 
great  scientists,  it  could  not  fail  to  be  both  useful  and  instractive,  if 
it  were  more  specially  considered  by  experts. 

The  Pbesident  proposed  a  vote  of  thanks  to  Mr.  White  for  his  paper, 
and  said  that  it  showed  one  of  the  many  dangers  to  which  coal-mining 
was  liable;  and  the  use  of  such  an  Institute  as  this  was  to  bring  these 
matters  before  the  members  for  discussion. 

The  motion  was  agreed  to. 


The  following  conmiunication  from  Mr.  P.  H.  Pearce,  containing 
calculations  and  tables  on  ventilation,  was  taken  as  read,  and  ordered  to 
to  be  printed: — 
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VENTILATION  TABLES. 


Bt  f.  h.  pearce. 


These  tables  were  calculated  oat  in  a  simple  way  some  years  ago^  and  as 
they  have  often  proved  to  be  very  nsefal  they  are  now  submitted  to  the 
members  of  the  Institute. 

TABLE  L— THE  RELATIVE  VENTILATING  POWER  OP  AIR-WAYS. 

This  table  shows  the  relative  ventilating  or  discharging  power  of  air- 
ways, that  is  to  say^  the  relative  quantities  of  air  that  will  pass  through 
air-ways  in  a  given  time ;  the  air-ways  being  of  the  same  length  and 
subject  to  the  same  ventilating  pressure. 

The  relative  ventilating  or  discharging  power  of  air-ways  is  found  by 
multiplying  the  area  of  the  air-way  by  the  relative  velocity  of  the  air  in 
such  air-way.  The  relative  velocity  is  calculated  from  the  established 
law — "That  the  velocity  is  in  inverse  proportion  to  the  square  root  of 
the  frictional  resistance."  The  frictional  resistance  for  any  form  of  air- 
way is  represented  by  the  perimeter  of  the  air-way  divided  by  the  area 
of  the  air-way. 

Perimeter 


Area 


=  frictional  resistance. 


But  as  the  velocity  is  in  inverse  proportion  to  the  square  root  of  the 
frictional  resistance  the  relative  velocity  is  found  thus — 


■=r— : — 7—  =  relative  velocity. 
Penmeter  "^ 

And  the  relative  ventQating  power  of  any  form  of  air-way  may  be  repre- 
sented thus — 

J     Area 
— — : =  relative  ventilating  power. 
Penmeter 
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In  dealing  with  orcompftring  sqnare  air- ways  only,  where  the  perimeter 
is  always  four  timeB  the  sqnare  root  of  the  area,  the  above  formula  niay 
be  simplified  and  the  relative  velocity  can  be  represented  by  the  Bqnare 
root  of  the  side  of  the  air-way. 

ThuB,  if  fl  =  aide  of  air-way, 
then  a*  ^  area  of  air-way. 
and  ^  a  =  relative  velocity. 
Therefore  a*  x  V  a  =  relative  ventilating  power. 
An  air-way  1  foot  square  will  have  a  ventilating  power  of  1. 

Thus  1*  X  s/  1   =1  relative  ventilating  power. 
An  air-way  4  feet  square  will  have  a  ventilating  power  of  32. 

Thus  4'  X   v/  4   =32  relative  ventilating  power. 
The  relative  ventilating  power  of  circular  shafts  of  the  same  depth 
and  Bubject  to  the  same  ventilating  pressure  is  found  thus — 
Area  x   s/  diameter  =  relative  ventilating  power. 


TABLE  II.— RELATIVE  VENTILATING  POWER  OF  LONG  AND 
SHORT  AIE-WATS. 

In  this  table  the  ventilating  power  of  an  air-way  1760  yards,  op  one 
mile  long,  is  taken  as  one  or  unity,  and  the  relative  ventilating  powers 
for  other  lengths  of  air-ways  of  the  same  area  are  found  thus — 


:  relative  ventilating  power. 


**  Length  of  air-way  in  yards  ~ 
Ad  air-way  of  440  yards  long  is  paBsiog  6000  cubic  feet  of  air  per 
minute;  required  Che  quantity  of  air  that  will  pass  each  of  two  air-ways 
of  respectively  110  and  880  yards  long,  all  the  air-ways  being  of  the  same 
aza  and  subject  to  the  same  ventilating  pressure. 

By  the  table,  No.  1  air-way,  ventilating  power  =  2. 
2       „  „  =  4. 

„  3       „  „  =  1-41421. 

Then  to  find  the  quantity  of  air  for  the  air-way,  110  yards  long,  or 
No.  2  air-way — 

5000  X  4 


and  for  No.  8  air-way,  880  yards  long- 
5000  X  1-41421 


10000  cabic  feet  per  minute, 
8  long— 
3535  cubic  feet  per  minute. 
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TABLE  III.— QUANTITIES  OP  AIR  DlSCHAItGED  PER  MINTTTE  BY 
SQUARE  AIR.WAiS  ONE  MILE  LONG. 

This  tnble  is  based  on  the  co-efficient  of  friction  adopted  by  the  late 
Mr.  Atkinson  for  the  air-waya  of  a  mine.  The  water-gange  praaanre 
^ven  in  the  tables  is  the  pressure  required  to  overcome  the  frictional 
resistance. 

This  tabic  was  calculated  ont  as  follows : — One  calculation  was  made 
by  the  iat«  Mr.  Atkinson's  formula  for  an  air-way  one  foot  square  and 
one  mile  long,  with  a  ventilating  pressure  of  one-half  inch  of  water- 
gange,  which  gives  75-32  cubic  feet  per  minute  for  this  air-way.  Then, 
by  nsing  Table  No,  1,  the  quantities  for  the  diffi^rent  sized  air-ways  are 
found.  Then,  having  thns  found  the  quantities  for  one-half  inch  water- 
gauge  pressure,  the  remaining  colnmns  of  the  table  for  different  water- 
gange  pressures  are  found  by  using  Table  No.  6  of  square  roots. 

By  using  the  multipliers  in  Table  II.,  the  quantity  of  air  for  any 
length  of  square  air-ways  may  be  found. 


In  this  table  a  column  of  air  64  feet  in  height  is  taken  as  being  equal 
to  a  water-gauge  pressure  of  1  inch,  so  that  ^  part  of  an  inch  water- 
gange  pressure  is  equal  to  an  air  column  of  1  foot,  and  ^  of  an  inch 
water-gauge  pressure  is  equal  to  an  air  column  of  H  feet.  This  rule  is 
easy  to  remember  and  agrees  very  nearly  with  the  weight  of  dry  air  at 
S2  degrees  Fahrenheit,  and  30  inches  barometrical  pressure. 

The  theoretical  velocity  in  the  table  is  calculated  from  the  following 
formula — 
■v'Height  of  air  column  in  feet  x  481'2  =  the  velocity  of  air  in  feet 
per  minnte. 


This  table  is  arranged  for  shafts  100  yards  deep,  with  an  average 
temperature  of  40  degrees  Fahrenheit  in  the  downcast  shaft.  Air  at  a 
temperature  of  40  degrees  expands  j^g  part  for  an  increase  of  temperature 
of  1  degree,  so  that  for  an  increase  of  temperature  of  5  degrees  it  will 
expand  -^^  parts,  or  yjg  part,  which  is  an  expansion  of  1  per  cent,  for 
every  5  degrees  of  increaaed  temperature. 

In  the  table  a  column  of  air  100  yards  in  height,  at  40  d^reea 
Fahrenheit  and  SO  inches  barometrical  pressure,  is  taken  as  weighing 
S3'85M  lbs.,  or  equal  to  a  water-gauge  pressure  of  4'587577  inches. 
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The  table  is  calciiliilfld  as  follows:— A  funiace  shaft  100  yards  deep 
having  an  average  temperature  uf  160  degrees,  with  an  average  («iiipera- 
ture  of  40  degrees  in  the  downcast,  will  give  a  water-gauge  preBsnrG  of 
-887918  inches. 

Thus  160  —  40  =  120  degrees  increase  of  temperature, 

and  -7-  =■  24  per  cent,  increase  in  volume  of  air  by  expansion. 


then  4-587677  —  f  4-687577  ! 


100 


100 


DO      "N 

+  24y  ^ 


■887918  inchea  of  waler- 


gange  or  ventilating  pressure. 

To  use  the  table  for  any  depth  of  shaft,  multiply  the  ventilating 
pressure  given  in  the  table  corresponding  with  the  average  temperatnre 
of  furnace  shaft  by  the  depth  of  shaft  in  yards,  and  divide  by  100. 

A  furnace  shaft  400  yards  deep,  with  an  average  temperature  of  140 
d^rees,  and  an  average  temperatnre  of  40  degrees  in  the  downcast,  will 
give  a  ventilating  pressure  of  3-0584  inclies  of  water-gauge. 

By  the  table  140  d^rees  gives  ■7G46  inches  of  water-gauge  for  a 
shaft  100  yards  deep. 


Then 


7646  X  400  _ 
100 


3  '0584  inches  of  ventilating  or  water-gange  pres- 


Bore  for  shaft  400  yards  deep. 

When  the  average  temperature  of  downcast  shaft  is  above  40  d^^rees. 

A  furnace  shaft  800  yards  deep,  with  an  average  temperature  of  120 
degrees,  and  with  an  average  temperature  of  50  degrees  in  the  downcast 


By  table,  ] 

and  50  degrees  = 


3  inchea  water-gange. 


■0900 
■5428 


'^^^^ Tnn ^  1'6284  inchea  of  ventilating  or  water-gange  pres- 

Btire  for  shaft  800  yards  deep,  with  the  average  temperatures  aa  stated. 


TABLE  VI,— SQUARE  ROOTS  OF  WATER-GAUGE  PHESSURES. 

This  is  a  table  of  square  roots  arranged  for  water-gauge  pressures,  the 
ordinary  published  tables  of  square  roots  not  being  arranged  for  this 
purpose, 

Since  this  table  was  arranged  some  tables  of  this  sort  have  been 
published,  but  they  are  not  so  extensive  as  the  table  now  given. 
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TABLE  I. 

-THE   RELATIVE  VENTILATING  POWER  Oi 

DIFFERENT                    ^| 

SIZED  AIB-WAYS. 

8«c*«An^W«,. 

OKct-^B-xr^ 

SUhoC 

AM.Qt 

TentUMlii* 

A^ptCMg^r 

VmtUMln* 

Bquw. 

aqnm. 

""-■ 

Fuircr. 

Pb  Id. 

rest. 

FHt. 

I     0 

1' 

1- 

785400 

78S400 

I  n 

1-Z6&62G 

l-ai23S3 

-994021 

1-054319 

1    3* 

1'66SS 

1746923 

1-227187 

1-373037 

1    M 

l'80O62B 

2-216964 

1-484S96 

1-741196 

1    ? 

225 

2-755676 

1-767150 

2-164303 

1    7t 

2M0625 

3-3G6150 

2-073946 

2-643774 

I    9 

8-0636 

i-osiao? 

2-405287 

3-181897 

llOJ 

a'515fl26 

4-813968 

2-761171 

3780890 

2    0 

4- 

5-656854 

3-141600 

4-442893 

2    U 

4-515625 

6-S82598 

3-6-16571 

5-169973 

2    8 

5-0S25 

7-693760 

3-976037 

6-964131 

2    4^ 

6-6i0625 

8-692787 

4-430146 

6-827315 

2    ¥ 

6-25 

9-882118 

4-908750 

7761416 

i  7i 

6'8t>0636 

11-1640S8 

B-41189S 

8768276 

2    d" 

7-5626 

13-540988 

5-939587 

9-849692 

a  iiH 

88C6625 

14-016049 

6-491821 

11-007419 

a  0 

9 

15-588457 

7-068800 

12-243174 

a  n 

9765625 

17-263349 

7-669921 

13-558634 

a  a 

10-5626 

19-041818 

8-295787 

14-955444 

8     4| 

1139062G 

20-926914 

8-946196 

16-435213 

8    6 

1225 

22-917652 

9-631150 

17-99953* 

8    71 

13140626 

25-019006 

10-320646 

19-G1S927 

8    S 

14'062S 

27-231914 

11-044687 

21-3879-15 

8  10* 

15-015685 

29-55«287 

11793271 

23-215079 

«    0 

16- 

82- 

12-566100 

25-133800 

«    U 

17-015625 

34-658898 

13-364071 

2n425&8 

4    3 

180625 

37-236798 

14-186287 

29-245781 

4  ^ 

19'140625 

40-035490 

15-033046 

31-443874 

i  ? 

20-25 

42-956737 

15-904350 

33738321 

JS' 

21-390625 

46-002728 

16-800196 

36-130543 

22-5625 

49173828 

17-720587 

38-621125 

4  10i 

23-765625 

62-473079 

18-666521 

41-212356 

6    0 

25- 

55-901700 

19-635000 

43-855195 

6     H 

26-26562B 

69-«i;338 

20-629031 

46-700936 

B    3 

37-662B 

63<153631 

21-6*7587 

49-600854 

S    4) 

28-S90626 

66-980168 

22-690696 

63-606216 

6    6 

80-35 

70-942538 

23758350 

66-718^69 

B    7^ 

Sl'640625 

76-042332 

24-850546 

68-938248 

6    / 

33-0625 

7S-2«1089 

25  967287 

62-267367 

BlOl 

84-61&625 

83-660350 

27-108571 

65706839 

e   ? 

86- 

88-181629 

28-374400 

69-257851 

6    IJ 

37-515625 

92-846435 

29-464771 

72-921590 

6  a 

39-0625 

97-656250 

30-679687 

76-399219 

6    4) 

40-&10625 

102-612548 

31-919146 

80-591895 

e  6 

42-25 

107716787 

33-183150 

84'60O766 

6    7» 

43-890625 

113-970410 

34-471696 

88-726960 

6    9 

46-5625 

118-3748*7 

35-781787 

93-971606 

6IIM 

47-2a5625 

123-931614 

37122421 

97-335811 

7    ? 

49- 

129-641814 

38-484600 

101-820681 

7    14 

50-765625 

135-507138 

89-871321 

106-427306 

7    8 

52-5625 

141-678862 

41-282587 

111-196038 

7    4i 

51-390625 

147-708355 

42-718396 

116010142 

7    ? 

66-25 

164-016969 

41-178750 

120988189 

7    7( 

56-140626 

160-546l>48 

45-663646 

126093866 

7    9 

60-0626 

167-206925 

47-173087 

131-324319 

7  101 

62016626 

174-030916 

48-707071 

136-683881 

f 

f 
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TABLE  L-CoHTist-gD-TnE  RELATIVE 

VESTILATINO  POWER  O^^H 

DIFFEKEXT  SIZED  AlH-WAVS. 

m 

BoUiHe  AlB-WATl, 

O^toxB  s^rr. 

1 

8.mm 

Bql«™ 

PowBT. 

AiAnftHnlafv 

T|^auiD( 

Fl.    lo. 

fcL 

Pent. 

8     0^ 

B* 

161-019334 

60-266600 

142172686 

■ 

8    li 

B6-016626 

188-173433 

61-848671 

147701464 

■ 

8   a' 

68-0035 

195-494fl46 

63  456287 

163-6*1496 

■ 

B    4( 

70-1*3626 

208-984109 

66-088446 

169-423719 

■ 

8    6 

72-25 

210-648137 

66746150 

165-4a9l20 

■ 

e  7i 

74-390fi25 

218-472993 

68-426398 

171-588689 

V 

B    9* 

76-5625 

22B-474930 

60-132187 

177-873410 

■ 

8  1(U 

9  0 

78-7fS625 

284-850187 

61-862621 

184-294257 

■ 

91- 

243- 

63-617400 

190-852200 

■ 

11' 

e3'Z6&6S5 

251-525694 

65-898821 

197-548202 

85-5626 

260-228188 

67-200787 

204-333216 

e  41 

87-890626 

269-108981 

69-029296 

211358194 

9    6 

90-25 

278-169182 

70-8823E0 

218474076 

9    7t 

92-610625 

287-409981 

72-769946 

235731800 

9    9 

95-0626 

206-832561 

74-662087 

233-132293 

9  10j 

97-616626 

306-438100 

76-588771 

240-67648* 

10    0 

100- 

816-227770 

78-540000 

248-365291 

10    3 

105-0626 

336-364118 

82-516087 

264-180378 

10    6 

110-25 

867-250831 

86-590350 

28O-681S0S 

10     9 

115-5625 

378-896993 

90-762787 

297-565«98 

11     0 

121- 

401-3U601 

95033-tOO 

315-190131 

11     3 

126-5625 

4S4-603528 

99-102187 

333-105071 

11    6 

132-25 

448-481670 

103-8G9150 

352-237425 

_ii 

11    0 

138-062S 

473-25.t357 

108-434287 

371-693972 

M 

12     0 

144- 

498-830630 

118-097600 

391-781577 

■ 

13     3 

150-0626 

625-218750 

117859087 

412-506806 

■ 

12    6 

166-25 

652-427173 

122718750 

433-876302 

H 

12    9 

162-5G23 

680-464227 

127-676687 

455  896604 

^ 

13    0 

169- 

609-338171 

182-732600 

478-57«00 

13     3 

639-057147 

137-886787 

601-915483 

13    6 

182-26 

GtS-629258 

143-139150 

625-92CS20 

13  e 

I8tl-0G26 

701-062514 

148-489687 

660-614488 

14    0 

196- 

733-364850 

153-938400 

673-984753 

14     3 

203-0625 

766-544124 

169-485287 

602-043756 

14    6 

210-35 

800-608147 

165-130350 

628797639 

14    9 

217-6625 

835-564631 

170-878587 

666-252461 

15    0 

226- 

871-431242 

176-715000 

684-414243 

15    8 

232-5625 

908186698 

182-654587 

713-288969 

IS    6 

240-25 

945-866197 

188-692350 

742-882526 

16    9 

248-0626 

984-467623 

194-828287 

773-200798 

16    0 

256- 

1024- 

201-062400 

804-249600 

16    3 

264-0626 

1064-469962 

207-394687 

836-034708 

16    6 

272-25 

1105-884727 

213  826150 

B68-66186S 

■ 

16    9 

280-5625 

1148-261522 

220-353787 

901-83e745 

■ 

17    0 

289- 

1191-577527 

226-980600 

935  86««0 

■ 

17    3 

297-5626 

1233-869887 

233-706587 

970-652200 

V 

17    6 

306-26 

1281-135666 

240-538760 

1006203961 

17    9 

315-0625 

1327-38191 

247-450087 

I042-625763 

IS    0 

324- 

1374-615554 

264-469600 

1079-623057 

18    3 

333-0625 

1422-843616 

261-687287 

1117-501376 

18    6 

342-25 

M72-087310 

268-803150 

1156177373 

18    9 

351-5635 

I522-310273 

276-117187 

1195-622488 

19    0 

361- 

1673-562504 

283-629400 

]236'876991 

10    3 

370-5625 

1625-836373 

291-039787 

1276-931887 

19    6 

380-25 

1679-13853.1 

298-648360 

1318  795405 

19    9 

39»'0625 

1733-475664 

306-355087 

1361-471787 

20    0 

400- 

1788-854400 

314-lGOOOO 

1404-966246 

M 

1 

I 
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TABLE  II.- 


-THE   RELATIVE  VENTILATING  POWER  OP  LONG  AND 

SHORT  AIR- WAYS. 


Length. 
mSbb. 

Length. 
Yank. 

Ventilating 
Power. 

Length. 
Miles. 

Length. 
Yards. 

Ventilating 
Power. 

•  •  • 

100 

419524 

2 

3520 

•70711 

W 

110 

4* 

3600 

-69914 

200 

2-96648 

3700 

•68971 

i 

220 

2*82843 

3800 

•68051 

300 

2-42074 

3900 

•67179 

400 

209762 

21 

8960 

•66663 

i 

440 

2- 

4000 

-66332 

500 

1-87617 

4100 

-65513 

600 

1-71172 

4200 

-64730 

700 

1-58430 

4300 

•63977 

800 

1-48324 

2i 

4400 

•63246 

i 

880 

1-41421 

4500 

•62538 

m 

900 

1-39642 

4600 

•61855 

1000 

1-32666 

4700 

•61188 

1100 

1-26491 

4800 

-60548 

1200 

1-20830 

2f 

4840 

•60299 

1300 

1-16190 

4900 

-59925 

i 

1320 

115326 

5000 

•69330 

1400 

111804 

5100 

•58745 

1500 

1-08167 

5200 

-58172 

1600 

1-04881 

8 

5280 

•58060 

1700 

1-01489 

5300 

•57619 

1 

1760 

1- 

5400 

•57088 

1800 

-98879 

5500 

•56569 

1900 

-96245 

6600 

-56054 

2000 

-93808 

6700 

•65561 

2100 

-91543 

31 

6720 

•55471 

li 

2200 

-89443 

5800 

•55082 

2300 

•87476 

6900 

•54617 

2400 

-85633 

6000 

•54157 

2500 

-83905 

6100 

•53759 

2600 

•82274 

H 

6160 

•53451 

li 

2640 

•81646 

* 

6200 

•53273 

2700 

•80734 

6300 

•52849 

2800 

•79278 

6400 

-52440 

2900 

•77904 

6500 

•52029 

8000 

•76590 

8i 

6600 

•51633 

u 

3080 

•75591 

6700 

•51246 

8100 

75346 

6800 

•50872 

8200 

•74162 

6900 

•50498 

8300 

•73027 

7000 

•60140 

8400 

-71944 

4 

7040 

•50000 

8500 

•70908 

VOL.  XXXEIL-18M. 


N 


^M 

I 

i 

VENTILATION    TABLB8. 

^ 

1 

H                 TABLE  ni.-QUANTITlES  OF  AIR  DISCHARGED  PER   MINDTE  BI  SQUARB.^I 

AIR-WAYS  ONE  MILE  LOJJQ. 

■ 

=  1 

Ate-WM. 

WA.TMtMAVoa  Taamaas  a 

ruonoAi.  in>  Daentu  run  or  ui  Iscn 

^ 

J, 

A 

i 

A 

i 

A 

1 

A 

i 

1 

015635 

■03125 

■0626 

■126 

■1875 

■26 

'3125 

OoUaFl 

■376 
Cubic  Ft. 

-4375 

■6 

ChlblcFL 

Ftln 

»|iunF>. 

OublaR. 

OubloFi. 

CnlneM. 

CnWelt 

OaUin- 

OahlcW 

:  0 

13 

18 

36 

37 

46 

G3 

59 

70 

76 

I  3 

1-6636 

33 

33 

46 

66 

80 

93 

104 

114 

123 

132 

1  l> 

236 

36 

62 

73 

104 

137 

1*7 

16* 

179 

191 

308 

1  0 

3-0C2S 

G4 

76 

108 

152 

186 

216 

2*1 

26* 

285 

305 

3  0 

i- 

76 

106 

IGO 

313 

261 

301 

837 

369 

398 

436 

2  3 

6<H126 

101 

143 

203 

286 

350 

40* 

*53 

496 

536 

673 

a  6 

6-23 

131 

186 

863 

373 

455 

626 

688 

64* 

696 

74* 

2  0 

7'5S26 

167 

236 

334 

473 

678 

668 

747 

818 

883 

945 

3  0 

B- 

207 

293 

416 

687 

719 

830 

928 

1017 

10U8 

1171 

3  3 

10'563e 

253 

358 

607 

717 

678 

1014 

1134 

12*11 

1341 

143* 

3  G 

12'35 

3U5 

431 

610 

863 

1057 

1320 

1364 

H96 

1614 

172R 

3  9 

14-OGZB 

S62 

612 

725 

1026 

1266 

1450 

1621 

1776 

1918 

2061 

1  0 

IB- 

4S6 

6<I3 

862 

1306 

1478 

1704 

1906 

2087 

226* 

3410 

1  3 

18-0625 

4B5 

701 

991 

1403 

1767 

1983 

2317 

2429 

3623 

3805 

i  6 

2025 

672 

809 

1144 

1618 

1981 

2288 

2558 

2803 

3036 

3236 

4  9 

32-6625 

661 

926 

1309 

1853 

2268 

2619 

3928 

3207 

346* 

3704 

5  0 

25- 

7*4 

1152 

1488 

2105 

3678 

3977 

3338 

36*6 

3938 

4211 

6  3 

27-6635 

840 

1189 

1681 

2378 

2913 

£363 

3760 

4119 

4449 

4767 

6  6 

30-25 

914 

1336 

1889 

2671 

3372 

3778 

4224 

4637 

5048 

5343 

G  0 

330626 

1050 

1493 

2111 

2986 

3656 

4222 

4721 

6171 

65S6 

6971 

6  0 

38- 

1174 

1660 

2848 

3321 

*067 

4696 

6350 

5753 

6213 

6643 

68 

39-0625 

1300 

1838 

2600 

3677 

4604 

6201 

eeiG 

6370 

6880 

T365 

e  6 

i2-2B 

H34 

2038 

2B68 

4056 

4968 

5737 

6414 

7026 

7589 

BI13 

6  a 

i6'SG25 

1"88 

2229 

3177 

4458 

G460 

6354 

7048 

7731 

83*0 

8916 

7  0 

49' 

I72B 

2441 

8452 

4883 

5979 

6904 

7719 

8466 

9134 

9766 

7  3 

6-2-6626 

1885 

2666 

3770 

5333 

6630 

7640 

8433 

9236 

0975 

10664 

7  6 

66-25 

2051 

SSOO 

4103 

6801 

7106 

8204 

9173 

10048 

10863 

11603 

7  « 

60-01126 

2236 

3U8 

4463 

62U7 

T712 

8905 

9956 

10906 

11780 

ISG94 

S  1 

2110 

3403 

4820 

6817 

8349 

9641 

10779 

11807 

1276* 

13634 

8  3 

68-0635 

26U3 

3681 

6206 

7362 

9017 

10413 

116*1 

I37G3 

1377* 

14735 

8  6 

72-25 

2804 

3966 

5fi09 

7933 

S71R 

luie 

13643 

13740 

148*1 

1S>I66 

S  » 

76-5625 

3016 

4264 

6031 

BG29 

10446 

1:KI62 

13486 

14722 

16957 

17068 

B  0 

81- 

3235 

45T6 

6471 

9151 

11208 

13942 

14469 

15830 

17120 

18303 

g  3 

86-i5626 

3464 

4900 

6929 

9800 

12U03 

13869 

165*6 

16974 

18334 

196O0 

9  B 

90-26 

3703 

6238 

7407 

10*76 

13830 

14816 

1666* 

181** 

19668 

30953 

9  U 

93-0C26 

3952 

5589 

7906 

11178 

13691 

15809 

17675 

1935* 

20B13 

82357 

10  0 

100- 

4210 

595i 

8431 

11909 

14585 

168*2 

1S830 

30637 

33273 

28818 

10  6 

I10-2G 

4756 

6737 

9613 

13454 

16478 

19027 

21373 

33303 

25170 

36908 

11  0 

121' 

6343 

7566 

10686 

15113 

18610 

21373 

S3H96 

26177 

28274 

30327 

11  6 

133-36 

5971 

8446 

11943 

16890 

20685 

23886 

36706 

29264 

31698 

33780 

12  < 

144- 

6641 

0393 

13283 

18786 

23008 

36667 

29698 

32638 

361*6 

3767S 

13  G 

106-36 

7356 

10402 

14711 

20804 

25476 

29133 

32894 

36034 

38921 

11609 

13  0 

lea- 

SMS 

1H73 

16226 

22B47 

28105 

32453 

36288 

39746 

12931 

4SS96 

13  a 

182-35 

8903 

12609 

17807 

25218 

30886 

35614 

39873 

43679 

47160 

50436 

UO 

)»fi- 

B7e4 

13809 

19S29 

27618 

33826 

39058 

48C69 

*7837 

61670 

55237 

14  6 

210-26 

10659 

16075 

21319 

30151 

36927 

43639 

47673 

52223 

66407 

60303 

IG  0 

236- 

11602 

16408 

23305 

32817 

40193 

46*11 

61889 

56:<U 

61 391 

16  e 

240-25 

12S94 

17810 

25188 

35621 

43627 

50376 

56322 

BI698 

659*1 

713*3 

16  0 

358- 

13634 

19283 

37368 

38664 

47230 

64637 

60976 

G67B1 

72146 

Tn2S 

J 

i 

1 

^^^^^^^^^H                   TBNTILATION 

i 

m 

1 

^m   TABLE  III.— CoNTwrm.— QDANTITIES  OF  AIR  DISCHAHOED   PER  MINUTE                 ^| 

BY  SQUARE  AIK-WAYS  ONE  MILE  LONG. 

|. 

W*I»^*D«  P™.WWI  ™  F^moNU.  AKD 

DaciMtL 

r*B»  OF  jm  iBon. 

t^' 

Aii-wu, 

A 

1 

H 

i 

ii 

i 

■i! 

1 

1* 

H 

1 

■5e2S 

■625 

■6875 

-75 

•8125 

■875 

■937S 

1-125 

i-h 

Ft  In 

SqlU»n. 

ChlblcFt. 

CobicFt. 

□ublsFL 

OuLidFt. 

Dublcrt. 

DBWoFt 

Dubicn 

OMcTt 

DnbinPl. 

□uUaFt. 

79 

84 

as 

92 

96 

99 

103 

lo;' 

Ill 

119 

I  3 

I'fiGSS 

139 

127 

164 

161 

167 

174 

180 

186 

198 

208 

1  6 

a-2s 

220 

233 

248 

254 

264 

274 

284 

313 

329 

I  9 

3-0626 

324 

.-ui 

358 

373 

389 

403 

416 

432 

456 

482 

2  0 

*■ 

461 

476 

499 

622 

543 

663 

633 

603 

639 

674 

as 

B-0fl2S 

606 

639 

670 

700 

729 

756 

783 

809 

858 

904 

3  6 

G'2G 

789 

832 

873 

911 

949 

984 

1019 

1053 

1116 

1177 

2  9 

7-56Z5 

1002 

lose 

1107 

1167 

1204 

1249 

1293 

1416 

1494 

3  0 

9' 

124S 

1913 

1377 

1438 

1496 

1564 

1607 

1660 

1761 

1860 

3  3 

10T.S2S 

1621 

1603 

1682 

1766 

1328 

1897 

1964 

3028 

2161 

2268 

3  6 

12-25 

1837 

1930 

3024 

3114 

2200 

2283 

2363 

2441 

2689 

2739 

3  a 

U-OdSfi 

2176 

2293 

3406 

2513 

2614 

2713 

2808 

2901 

3075 

3243 

16- 

25S6 

3694 

3H26 

2957 

3072 

3188 

3300 

34l>U 

3l>15 

3811 

*  3 

18-0626 

2974 

3185 

3288 

3435 

3676 

3710 

3840 

3966 

4206 

443fi 

*  6 

20-2S 

3432 

3617 

3794 

3962 

4124 

4330 

4430 

4676 

4854 

6116 

4  9 

22-5636 

3928 

4Hl 

4343 

4636 

4781 

4899 

6071 

6238 

6656 

6856 

5  0 

25- 

446S 

4707 

4937 

5157 

B3ri7 

5670 

6765 

6965 

6316 

6BB7 

6  3 

27-Se2o 

6044 

6318 

5578 

6826 

6063 

6292 

6513 

6737 

7134 

7521 

6  6 

30-35 

6067 

5974 

6:;fi6 

6544 

6811 

7068 

7311 

7567 

8013 

8418 

6  9 

ss'oesG 

essH 

6676 

7002 

7318 

7611 

7899 

8176 

8445 

8965 

9442 

■ 

e  0 

36- 

7044 

742C 

7788 

8134 

8466 

B786 

9094 

9393 

9963 

10501 

■  l 

6  3 

39-0C2O 

7801 

8224 

S625 

9008 

9376 

97.W 

10072 

104O2 

11031 

11630 

■< 

«G 

*2-25 

8606 

9071 

96I.'! 

9936 

10342 

10733 

III09 

11474 

12168 

12828 

■ 

«  9 

46-6625 

9632 

99r>H 

10155 

10920 

11365 

11794 

12208 

12609 

13374 

14097 

■ 

T  0 

*»■ 

10KR6 

10917 

11460 

119Q9 

12447 

12917 

13370 

13809 

14646 

16439 

■ 

1  3 

62-6625 

11310 

11923 

12504 

13060 

13593 

14G02 

15081 

15996 

16866 

^ 

T  6 

66-25 

12806 

12972 

13606 

14210 

14791 

15349 

IfiSRS 

16409 

17403 

t»3'lfi 

IS 

60-0625 

1.1367 

14081 

14768 

16424 

16054 

IT-^ll 

8  0 

64- 

14461 

1 6243 

16987 

16693 

17380 

8  3 

68-0625 

15618 

16463 

17267 

18al4 

18770 

8  6 

72-26 

16877 

17738 

18604 

19431 

20225 

89 

7S-6626 

18093 

19071 

30002 

20892 

31746 

9  Q 

81- 

19413 

20463 

21462 

32416 

33331 

242 1-.; 

i'NH39 

Sa 

85-6625 

20788 

31914 

32988 

34005 

24986 

25929 

36844 

^7719 

:i9400 

31091 

9  6 

90-25 

22223 

33424 

24668 

26660 

26708 

27716 

28689 

29630 

31428 

33128 

9S 

9S0625 

23713 

24997 

26217 

37382 

28500 

29676 

30614 

31618 

33535 

35350 

IOC 

100- 

25263 

2SK29 

27920 

29171 

30362 

31508 

32614 

33684 

867S7 

37660 

10  < 

110-36 

38540 

80084 

31552 

K2968 

34300 

96596 

36846 

38054 

40362 

42B4S 

II 

121- 

82069 

837SI4 

35444 

87020 

39042 

39986 

41389 

42747 

45340 

47793 

11 

182-26 

36820 

37767 

39809 

41371 

43061 

44686 

46264 

47771 

60670 

634 10 

13 

144- 

39860 

42006 

44057 

+6016 

47889 

49703 

61447 

53135 

56358 

69396 

13 

16B-3B 

44133 

46520 

48798 

60952 

53091 

55043 

66975 

68844 

62413 

65789 

18 

169- 

48678 

51312 

63817 

56210 

68606 

60714 

62844 

64906 

68843 

726117 

IS 

I8S-SS 

6S421 

66389 

G9142 

61772 

64294 

66721 

69063 

71338 

7G654 

79747 

■'l!< 

196- 

68587 

61757 

64771 

67661 

70408 

73071 

75636 

78117 

83866 

87338 

■  >• 

310-26 

639C8 

67419 

70710 

738.H 

76870 

79771 

82571 

8E2T9 

90463 

95346 

■  " 

226' 

69616 

73393 

76964 

80336 

83669 

86727 

89875 

92822 

98462 

103779 

■  Hi 

340-35 

75664 

79651 

83539 

S7254 

90812 

94346 

97553 

100762 

106864 

112644 

1 

r 

266- 

81806 

86231 

90440 

9446 1 

98319 

102030 

106611 

109075 

116692 

131950 

U 

J 

i 
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■ 

TABLE  ni.-Coim!niBD.-QnANnTrE3  OF  AIR  DISCHAROED  PER  MINUTE  ^| 

BY  SQUARE  AIE-WAYS  ONE  MILE  LONG. 

^ 

|. 

WATO^Avai,  PftiMtru  i>  lnn». 

"Si 

^"-"S. 

u 

u 

2 

3* 

2* 

21 

3 

H 

3* 

31 

n.tn 

Jqi»»Ft- 

C^btoTt 

fMOcPl 

CdWcFt 

ctaWon 

□nbicPt. 

CoMoSt, 

CobloFl 

(tabic  Fv 

OoWcFt. 

OnbloFI^ 

1- 

130 

141 

159 

168 

176 

184 

192 

199 

206 

1-5635 

223 

246 

264 

279 

294 

309 

333 

336 

3*8 

360 

1  1 

226 

369 

388 

416 

441 

*64 

487 

608 

629 

649 

588 

3-0625 

629 

571 

610 

648 

682 

716 

747 

778 

807 

833 

2  ( 

4- 

738 

797 

862 

903 

953 

999 

104* 

1086 

1127 

1067 

2  3 

G'062G 

991 

1070 

1144 

1219 

1279 

1341 

1401 

IIGS 

1613 

1586 

2  6 

e-2G 

12S9 

1392 

1*88 

1578 

1664 

1746 

1823 

1X98 

1969 

3036 

29 

7'662G 

163G 

1767 

1890 

3004 

2112 

2216 

2314 

2408 

2199 

3587 

30 

2034 

3197 

2348 

2490 

2626 

2764 

2876 

2993 

3108 

331G 

8  3 

10-5626 

2484 

2683 

2866 

3042. 

3207 

3364 

3613 

3667 

3794 

3928 

3  6 

12-25 

2990 

3229 

34G3 

367S 

3860 

40*8 

4328 

4*01 

4687 

4727 

8  9 

14-0626 

S563 

3837 

4102 

4350 

4686 

4810 

6024 

6229 

6437 

5617 

4  0 

16' 

41T5 

4509 

4830 

5112 

6aN9 

6662 

690* 

6145 

6377 

6601 

4  3 

18-0825 

4858 

6247 

6610 

5949 

6371 

6677 

8870 

7151 

7*20 

7681 

4  6 

20-25 

G604 

6053 

6473 

6864 

7236 

76S8 

7925 

8349 

8660 

8881 

22-G625 

641 G 

6929 

7408 

7867 

8282 

8686 

9073 

9**3 

9T99 

10113 

G  0 

26- 

7293 

7877 

8432 

8931 

9416 

9876 

1031* 

10735 

11140 

11631  ' 

G  S 

27'5e26 

8899 

9614 

100S9 

10836 

11168 

116G2 

12127 

12586 

13027 ; 

G  e 

30'25 

9256 

10097 

10686 

11384 

11946 

13531 

13089 

13(123 

14138 

I463;i! 

33'0625 

1Q343 

11172 

11943 

12666 

13362 

14004 

U827 

i:.7;iiH  icif.^s 

e  0 

30- 

11504 

12426 

13284 

14088 

14852 

16577 

16389 

B  3 

A9-OG25 

I2T40 

13761 

14710 

16803 

16448 

17350 

18017 

6  6 

14053 

1G178 

16226 

17211 

18142 

19037 

19873 

6  9 

45-5626 

16443 

16680 

17832 

19063 

19937 

30910 

218*0 

2a7;ii 

2;i.-.Hw 

^1417 

7  0 

49' 

16913 

18268 

19530 

20713 

31834 

22900 

23918 

2*895 

35Ra6 

£6741 

7  3 

62-6626 

18470 

19950 

23630 

33845 

36009 

38121 

27187 

28214 

29204 

7  6 

66-26 

20097 

21707 

23306 

21612 

23945 

37211 

38*21 

29S82 

30898 

31776 

7  9 

60-0626 

21813 

33561 

26188 

26716 

28183 

29536 

308+9 

32109 

33821 

34690 

S  0 

64- 

23815 

35508 

27268 

28923 

30487 

31976 

84761 

38073 

37339 

S  3 

68-0B2r 

ZGG04 

37548 

29450 

31236 

32926 

34335 

36088 

87641 

3S9G8 

40323 

8  6 

72'25 

27480 

29682 

31732 

33664 

35477 

37308 

38863 

40450 

41977 

43460 

S  9 

Tti-6825 

29646 

31913 

84116 

S6186 

38143 

40005 

*1784 

43490 

46181 

16716 

9  0 

81- 

31701 

34241 

S660S 

88826 

40938 

4393* 

4*832 

48663 

48426 

G0134 

9  3 

85-5625 

33949 

36669 

39200 

41677 

*383B 

46977 

48011 

49971 

61858 

63688 

9  8 

90'25 

36289 

39197 

41904 

44*45 

46849 

49130 

51321 

53*17 

66433 

67378 

9  9 

960625 

38708 

41827 

44714 

47*27 

4999* 

63434 

6476* 

67000 

69IS9 

61229 

10  0 

100- 

41264 

44547 

47636 

60526 

63359 

66859 

58343 

C0726 

63017 

66229 

11)  6 

11025 

46806 

6(1341 

63816 

67081 

6016B 

63106 

66913 

68800 

71193 

73691 

II  0 

121- 

62354 

56649 

80464 

64119 

67589 

70888 

74040 

78081 

79973 

82779 

11  e 

132-26 

6SG08 

63198 

67560 

71866 

7653* 

79319 

83743 

86122 

89373 

92309 

12  0 

144- 

66076 

70291 

76 144 

79701 

84013 

88114 

9203? 

95779 

99406 

102895 

12  6 

1GG-2G 

72069 

77813 

832IS 

88266 

93040 

97581 

101920 

106183 

110087 

113950 

13  0 

169- 

79493 

BG862 

91790 

97366 

102625 

10763* 

11 2480 

117011 

121428 

126689 

13  6 

182-26 

873E9 

94320 

100873 

108842 

113779 

11828* 

123644 

128588 

138442 

138126 

14  0 

I96- 

96874 

103340 

110474 

U7174 

1 23514 

139542 

135303 

140817 

146U3 

151373 

14  6 

210-26 

104446 

1 12814 

130604 

137917 

134839 

1414:j0 

147709 

163740 

169543 

165143 

16  0 

225- 

113684 

1227S3 

131370 

139233 

146766 

163939 

160773 

1673S9 

173465 

179750 

if>  e 

l!40'26 

1233116 

131883 

142488 

151128 

169303 

167079 

174508 

18162* 

188*90 

19G106 

16  0 

256- 

133589  144293 

154266 

163611 

[72*63 

180881 

188923 

198638 

J040ei 

211323 

i 

J 

1 
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TABLE  III.— CoirrnonsD.— QUANTITIES  OP  AIR  DISCHARGED  PER  MINUTE 

BY  SQUARE  AIR- WAYS  ONE  MILE  LONG. 


Watu-Gauok  Pksssxt&k  in  Inchxs. 

Side  of 

Bqiuure 

Air-waj. 

Ana  of 
Bquaro 
Air-waj. 

4  ins. 

4^  ins. 

5  ins. 

6  ins. 

Ft  In. 
1  0 

Square  Feet. 
1-0 

Oabio  Feet 
214 

Cable  Feet. 
226 

Oubie  Feet 
238 

Cubic  Feet. 
260 

1  3 

1*5625 

372 

396 

416 

456 

1   6 

2-25 

588 

624 

666 

718 

1  9 

30625 

864 

913 

964 

1058 

2  0 

4- 

1206 

1278 

1348 

1476 

2  3 

5-0626 

1618 

1716 

1808 

1982 

2  6 

6-25 

2106 

2232 

2354 

2578 

2  9 

7-5625 

2672 

2835 

2988 

3272 

3  0 

9- 

3320 

3522 

3712 

4068 

3  3 

10-5625 

4056 

4302 

4536 

4968 

3  6 

12-25 

4882 

6178 

6458 

5980 

3  9 

14-0625 

5802 

6153 

6486 

7106 

4  0 

16- 

6818 

7230 

7622 

8M50 

4  3 

180625 

7932 

8415 

8870 

9716 

4  6 

20-25 

9152 

9708 

10232 

11208 

4  9 

22-5625 

10476 

11112 

11712 

12830 

6  0 

25- 

11910 

12633 

13814 

14586 

6  3 

27-5625 

13454 

14271 

16042 

16478 

6  6 

30-25 

15114 

16029 

16896 

18510 

5  9 

33-0625 

16890 

17913 

18884 

20686 

6  0 

36- 

18786 

19926 

21002 

23008 

6  3 

390625 

20804 

22065 

23260 

25480 

6  6 

42-25 

22948 

24339 

25656 

28106 

6  9 

45-5625 

25218 

26748 

28194 

30886 

7  0 

49- 

27618 

29295 

30878 

33826 

7  3 

52-5625 

30162 

31994 

33732 

36940 

7  6 

56-25 

32818 

34809 

36692 

40194 

7  9 

600625 

35622 

37782 

39826 

43626 

8  0 

64- 

38564 

40902 

43116 

47230 

8  3 

680625 

41648 

44175 

46664 

61008 

8  6 

72-26 

44874 

47598 

50172 

649G0 

8  9 

76-6625 

48248 

51174 

63942 

69090 

9  0 

81- 

51768 

54909 

67878 

63402 

9  3 

85-5625 

65438 

58800 

62182 

67898 

9  6 

90-25 

59260 

62856 

66256 

72578 

9  9 

95*0625 

63236 

67071 

70700 

77416 

10  0 

100- 

67368 

71454 

76320 

82608 

10  6 

110-25 

76108 

80724 

85090 

93212 

11  0 

121- 

85404 

90681 

96586 

104708 

11  6 

132-25 

95542 

101340 

106820 

117016 

12  0 

144- 

106270 

112716 

118792 

130162 

12  6 

156-25 

117688 

124827 

131678 

144138 

13  0 

169- 

129812 

137685 

145134 

158986 

13  6 

182-25 

142656 

151308 

159494 

174718 

14  0 

196- 

166234 

165711 

174676 

191348 

14  6 

210-25 

170558 

180906 

190692 

208892 

15  0 

225- 

185644 

196905 

207658 

227368 

15  6 

240-25 

201604 

213729 

225288 

246792 

16  0 

256- 

218160 

231384 

243900 

267178 

TBHTILATION 


-B'i" 

WiLleranierttman. 

^iS^^WoA 

"^"la.?cr 

Vnrtlaiul  Puti   Deolma]  Futi  oF 

LtiL 

Ol  U1  laCtL   ,       HI  Inch. 

1 

^    1      ■016625 

-08126 

481 

•A 

■031250 

•16250 

S80 

3 

A 

■04687S 

■34375 

833 

S 

■062500 

■S2600 

963 

6 

A 

■078125 

■40636 

1076 

V, 

093750 

■48760 

1179 

7 

A 

109376 

■568-5 

1273 

8 

Y 

125000 

■65000 

1361 

0 

A 

140625 

■73126 

1444 

ID 

A 

156250 

-61250 

1622 

u 

171875 

■89376 

1696 

18 

¥ 

187600 

■97600 

1667 

13 

203126 

1-05626 

1735 

H 

218750 

1  ■13760 

1801 

in 

V 

234S76 

1-21876 

186* 

iti 

250000 

1-30000 

1B26 

IT 

ii 

265625 

1-38126 

1984 

le 

A 

281250 

1-46260 

S043 

lit 

u 

296S75 

1-64875 

2098 

SI) 

I'l 

312B0O 

1  ■62600 

2IG2 

2] 

u 

3Z8I25 

1-70626 

3206 

3^' 

it 

343750 

1-78760 

2257 

23 

Ij 

859376 

1-86876 

2308 

2« 

Y 

375000 

1-96000 

2357 

25 

a 

S90626 

303126 

2406 

26 

I! 

406250 

2-11350 

2463 

27 

421876 

2-19376 

3600 

2B 

437500 

2^27600 

2646 

an 

H 

463126 

2-36625 

2691 

3U 

h 

468750 

2-43750 

2636 

HI 

a 

484375 

2-61875 

2679 

S2 

i 

600000 

3-60000 

2723 

33 

li 

616626 

2'6gl3G 

2764 

3« 

i', 

631260 

2-76250 

2806 

36 

;! 

646876 

2-84375 

2847 

36 

-ft 

e625{)0 

2-92500 

2887 

37 

li 

678125 

3-00626 

2927 

38 

i\ 

593750 

3-08750 

3966 

3'.' 

)i 

609376 

S^iGSTS 

3006 

40 

i 

625000 

8^26000 

S043 

41 

11 

640636 

3^33I25 

3081 

t 

666350 

3^4 1 250 

3118 

) 

671876 

3-4937S 

8166 

44 

+i 

6876(10 

3-57600 

3193 

46 

i1 

703125 

3-65626 

3238 

4R 

a 

718750 

3-73750 

3263 

47 

I! 

734376 

3-81876 

3299 

48 

1 

750000 

3-90000 

3334 

49 

a 

765626 

8-98125 

3868 

oO 

11 

781250 

4-06260 

3403 

51 

it 

796876 

4-11376 

3436 

.12 

H 

812600 

4-22500 

3470 

53 

i1 

838125 

4^30626 

3603 

64 

il 

843750 

4-38760 

S636 

56 

tl 

■869375 

4^46e76 

3669 
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TABLE  IV.— CONTINXTED.— SHOWING  THE  VELOCITY  AND  PBE8SURE  DUB 
TO  COLUMNS  OF  AIB  FROM  1  TO  384  FEET  IN  HEIGHT. 


Hftigfat  of  Air 
Oolomn. 

Water  Oaoge  Preeiore. 

Pressure 
per  Square  Fool 

Velocity  of  Air 
per  Bunute. 

Ftot 

Fractional  Parts 
of  an  Inch. 

Decimal  Parts  of 
an  Inch. 

Lbs. 

Feel 

66 

1 

•876000 

4^66000 

8601 

67 

H 

•890625 

4*63126 

3633 

68 

H 

•906260 

4-71250 

3666 

69 

a 

•921875 

4'79376 

8696 

60 

H 

•937600 

4-87600 

3728 

61 

H 

•963125 

4-96626 

3768 

62 

u 

•968760 

603750 

3789 

63 

Inches. 

•984376 
Inches. 

6-11876 

3819 

64 

1 

1- 

6-20000 

3860 

100 

1* 

1  •662600 

812500 

4812 

128 

2 

2- 

10-40000 

6444 

192 

3 

3- 

16-60000 

6668 

256 

4 

4- 

20-80000 

7700 

320 

6 

6- 

26-00000 

8608 

384 

6 

6- 

31-20000 

9430 

TABLE  v.— SHOWING  THE  VENTILATING  PRESSURE  IN  INCHES  OF 
WATEB  OBTAINABLE  BY  UPCAST  SHAFTS. 


Calctlatbd  fob  Upcast  Shafts  100  Yards  Dbbp,  with  an  Avisraob  Tbk- 

PBBATUBB  OF  40  DEGREES   IN   DOWNOAST  ShAFT. 


ATerace 
Tempera- 
ture in 
Upcast 
Shafts. 

Water  Gauge 
Pressure. 

ATcrage 
Tempera- 
ture in 
Upcast 
Shafts. 

Water  Oauge 
Pressure. 

ATerage 
Tempera- 
ture in 
Upcast 
Shafts. 

Water  Oauge 
Pressure. 

ATerage 
Tempera- 
ture in 
Upcast 
Shafts. 

Water  Gauge 
Pressure. 

DecF. 

40 

Inches. 
•0000 

De«.F. 
110 

Inches. 
•6632 

Deg.  F. 
180 

Inches. 
10036 

Deg.  F. 
246 

Inches. 
1-3340 

46 

•0464 

116 

•6986 

185 

1-0304 

260 

1-3569 

60 

•0899 

120 

•6328 

190 

1-0687 

266 

1-3796 

66 

•1336 

126 

•6666 

196 

1^0856 

260 

1*4018 

60 

•1764 

130 

•6998 

200 

1-1121 

266 

1-4237 

66 

•2186 

135 

•7826 

205 

1-1383 

270 

1-4454 

70 

•2697 

140 

•7646 

210 

1-1640 

290 

1-6292 

76 

•3001 

145 

-7962 

215 

1-1894 

300 

1-5694 

80 

•3398 

160 

-8273 

220 

r2144 

360 

1-7658 

86 

•3788 

156 

-8678 

225 

r2390 

400 

1-9204 

90 

•4170 

160 

•8879 

230 

1-2632 

460 

20669 

95 

•4646 

166 

•9176 

235 

1-2872 

600 

21982 

100 

•4916 

170 

•9466 

240 

1-3107 

640 

2-2938 

106 

•5278      . 

176 

•9763 
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TABLE  V1.-BQ0ARE  BOOTS  OF  WATER  QADGK  PBESStJEEa 

1 

luebm. 

SgMMHooto. 

^ 

aqiii»Bi»ti. 

— 

BqiunRoou. 

1 

(WW 

■a33G0C80 

3-7& 

I-66831240 

6^46 

2-33453361 

■10 

■81li2277T 

■80 

1-67332006 

50 

2-34620788 

■IB 

■8873S833 

■86 

1-68819430 

66 

2-36584S80 

■20 

■4*72 13U0 

-90 

170293864 

60 

2-36643191 

■as 

■60000000 

■96 

1-71766640 

66 

2^37e37286 

■30 

■64772356 

3-00 

1-732O6081 

70 

3-38746728 

■35 

■G9I60T9S 

■05 

1-74642192 

76 

3-39791576 

■*o 

■6324fiSS3 

■10 

i'7eoa8iti9 

80 

3-40S3189I 

■*6 

■67082039 

■15 

1-;74823U3 

86 

2-41867733 

■60 

•70710678 

■20 

1-78885438 

90 

2^4289U156 

■GG 

■74161985 

■25 

1-80277504 

■96 

3^439362I8 

■fiO 

■77459667 

■30 

1-81659021 

6-00 

244948!I74 

•06 

■80((22577 

■36 

1-83030052 

-06 

3<4G967478 

■70 

■8B666008 

■40 

1-84390889 

■10 

3^4G9817el 

1 

•76 

-8G6U2640 

■45 

186T41766 

-16 

347991935 

■80 

■80442T19 

-50 

rB7083869 

■30 

24899799a 

■85 

■93]»fi446 

-65 

1-88414437 

-25 

2-5OOO0OO0 

■90 

■94868330 

-60 

1-89736660 

-30 

2^SO998008 

■B5 

■B74671I43 

•65 

1-91049733 

-36 

2-61992063 

[■00 

I^OOOOOOOO 

-70 

1-92353841 

-40 

2-63982213 

•05 

r02469flO8 

■76 

1-93649167 

■45 

2-53968602 

■10 

1^04e808e6 

■80 

1 -94935887 

■60 

2-64960976 

■16 

I  ■07338053 

■86 

i-ge-iuisg 

■65 

S-5692U67g 

■30 

1^0U6446I2 

■90 

1-97484177 

■60 

8-66904653 

■26 

l-118083-)9 

■95 

1 '98748069 

■66 

3-67H76g39 

■80 

1-14017543 

4^00 

2-00000000 

-70 

2-68843B82 

■3E 

1 -IS  189600 

■05 

2-01246118 

-75 

2-59807621 

■40 

1-18331696 

■10 

2-02484667 

■80 

2-60768096 

■46 

r2041B946 

■IB 

3^037 16488 
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Mr.  Thomas  E.  Candlbr  read  the  following  paper  on 

'A  DcBcriptioa  ^M 

of  Thompson'e  Patent  Centrifugal  Pulverizer":— 
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DESCEIPTION  OF  THOMPSON'S  PATENT  CENTRIFUGAL 
PULTERIZER,  IN'CLDDING  AN  ACCOUNT  OF  ITS 
COMPARATIVE  ADVANTAGES  FOR  CRUSHING  AND 
PULVERIZING  MINERAL  ORES,  COAL,  AND  OTHER 
SUBSTANCES. 

By  TDOMAS  E.  CANDLER. 


In  mining  operations,  bobh  at  home  and  abroad,  the  great  diffiuulty  of 
Belecting  and  fitting  np  at  the  mioes  efficient  and  suitiible  machinery, 
taxes  to  the  utmtist  the  akill  of  the  mining  engineer;  and  as  the  future  of 
the  mine  depends  entirelj  upon  the  ancceasful  and  economic^  uharacter  of 
the  machinery  used  in  the  treatment  of  the  mineral  worked,  it  is  scarcely 
neceSaary  for  the  writer  to  say  how  important  it  ia  that  the  moat  efficient 
and  suitable  machinery  procurable  should  be  used  for  thia  purpose. 

The  considerable  sums  spent  by  mining  companies  in  the  purchase  of 
the  machinery  fur  the  treatment  of  their  minerals  in  moat  cases  forms  a 
lai^  percenta}i;e  of  their  working  capital,  and  its  wleldy  and  bulky  nature 
often  canees  serious  delay  in  its  transport,  more  especially  to  tboae  foreign 
mines  in  remote  districts  to  which  acceas  is  difficult. 

In  such  oases  the  cost  of  transport  is  of  necessity  a  very  expenaive 
item,  increasing  proportionately  with  the  weight  of  the  machinery  selected 
for  the  work. 

By  the  ordinary  process  of  crushing  with  stamps  a  protracted  and 
lengthened  delay  often  occurs  before  a  suitable  position  um  be  fixed  upon 
for  the  erection  of  the  mill,  and  when  this  ia  done  the  cost  of  excavating 
and  making  the  required  foundations  is  nsnaljy  excessively  high,  and  in 
cases  where  the  property  is  extensive  and  has  a  mouutainouB  and  rugged 
character,  additional  sums  have  to  be  spent  on  the  erection  of  tramways, 
iociinee,  shoots,  etc.,  for  conveying  the  ore  found  on  the  I'orious  parts  of 
the  property  to  the  mill  for  treatment;  thia  ia  an  important  consideration, 
as  the  transit  of  the  mineral  generally  forms  a  material  charge  in  the 
cost  of  working  a  mine. 

For  some  length  of  time  the  mining  profession  generally,  and  more 
GBpecially  those  who  are,  or  have  been,  engaged  in  the  extraction  of  the 
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precious  metals,  have  pointed  oiit  the  extent  of  the  expenditure  required 
for  tbia  pnrpose,  and  the  numerous  defects  apparent  in  the  present  mode 
of  crashing  the  ore  by  the  ordinary  Bpplication  of  stamping  machinery; 
many  guggestions  have  been  made  and  nuraerouB  inventions  patented 
with  a  view  of  both  improving  the  eificiency  of  the  work  done  and 
reducing  to  a  minimum  coat  the  necessary  outlay  for  purchasing,  erecting, 
and  maintaining  a  mill  capable  of  performing  the  work  required  for  the 
sncceEsful  treatment  of  the  ores  containing  the  precious  metals. 

Some  of  these  inventiona  have  been  tried  with  more  or  leaa  succeea, 
but  the  writer  had  recently  the  opportunity  of  viewing  in  operation  at 
MesBTs.  W.  Pope  &  Co.'a  Bariey  Field  Iron  Works,  in  Bristol,  a  machine 
of  English  invention  lately  brought  over  from  the  United  States,  where, 
in  the  Califorriian,  Colorado,  Mexican,  and  Vera  Croz  mining  districts, 
some  300  or  400  are  in  nse. 

Finding  on  inquiry  that  this  machine,  known  by  the  name  of 
"  Thompson's  Patent  Centrifugal  Pulverizer,"  had  overcome  many  of  the 
objections  made  to  the  ordinary  machinery  used  for  crushing  purposes, 
the  writer  thought  a  short  descriptive  account  of  the  same,  and  its 
comparative  advantages,  might  be  of  some  intereat  to  the  memhera  of 
this  Inatitute,  and  therefore  has  great  pleasure  in  giving  them  the  following 
account  of  its  application  and  use. 

It  seema  that  in  Thompson's  machine  the  old  illustration  of  Newton 
aa  to  the  enormous  power  of  a  weight  attached  to  a  string  and  whirled 
round  the  head,  has  been  applied  with  success  in  the  efl^tive  and 
economical  crushing  and  pnlverizing  of  soft  and  hard  substances. 

The  writer  finds  that  attempts  have  been  made,  as  far  back  as  1853, 
to  apply  the  force  resulting  from  the  centrifugal  motion  imparted  to  a 
ball  moving  in  a  circular  direction,  for  the  pulverizing  of  animal  and 
mineral  aubatances,  but  hitherto  little  or  no  auccesa  has  been  met  with 
owing  to  the  intcnae  friction  involved  In  these  applications,  compared  with 
the  easy  movement  obtained  by  the  simple  flexible  driving  action  for 
rolling  the  ball  in  Thompson's  machine;  for  whereas  in  Thompson's 
machine  the  ball  haa  a  free  motion,  the  other  machines,  while  utilizing 
centrifugal  foree  to  some  eitent,  waste  considerable  power  in  friction 
caused  hy  the  skidding  action  applied  for  imparting  motion  to  the  ball. 

Plate  IV.,  Figs.  1  and  2,  will  convey  an  accurate  idea  of  the 
general  character  of  thia  pulverizer. 

The  ore  fed  in  at  t  ia  crushed  between  the  hammered  eteel  ball  b, 
and  the  steel  shoe  ring  c  of  equal  hardness,  the  ball  b  bein^  grasped 
between  the  flexible  discs  d  d. 
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The  disca  d  d,  kept  the  proper  distance  apart  by  the  springs  qq  grasping 
the  ball  b,  are  caased  to  rerolve  raptdlj,  and  the  ceutrtfiigal  >ni<itioii  tlius 
given  the  ball  canses  it  to  press  against  the  steel  shue  ring,  while  it  is 
being  carried  around  by  the  dista,  enishing  any  ore  that  may  be  between 
the  ball  and  the  shoe  ring.  At  the  same  time  that  the  ball  is  being 
CHrried  aronnd  the  inner  circumference  of  the  machine,  it  is  free  to 
revolve  on  an  asis  which  is  contionally  changing. 

Aa  it  is  loosely  grasped  at  two  opposite  points  only,  there  ia  litUe  or 
no  scraping  motion  against  the  ring  r,  and  the  ball  always  presents  new 
surfaces  against  the  ore,  preserving  its  spherical  form  nntil  worn  down  too 
small  for  further  use. 

The  ore,  broken  to  a  suitable  size,  mixed  with  water,  ia  fed  into  the 
hopper  /,  and  the  pulverized  ore  passes  (iut  through  screens  at  the  side  of 
the  machine,  or  through  a  series  of  blades  A  A  so  arranged  as  to  prevent 
the  substance  getting  away  from  the  ball  until  it  is  sufficiently  reduced. 
Any  ore  which  is  not  crushed  sufficiently  fine  at  the  first  revolution  of 
ihe  ball  is  brought  back  under  the  bnll  and  crushed  sufficiently  fine  by 
succeeding  revolutions. 

The  following  advantages  of  this  pulverizer  are  especially  worthy 
of  note; — 

I. — The  large  area  of  crushing  surface  presented  by  a  plain  steel  ball, 
which  exerts  enormous  crushing  i>ower  and  presents  the  whole 
of  its  surface  for  useful  work. 
2.— The  iriction,  wear,  and  driving  power  are  reduced  to  a  minimum. 
3. — Excessive  speed  and  its  attendant  evils  are  dispensed  with. 
4, — Its  suitability  for  crushing  ores  and  other  minerals,  either  coarsely 

or  to  an  impalpable  powder, 
6. — Small  quantity  of  water  required  in  wet  crushing. 
6, — The  inexpensiveness  of  the  foundations,  combined  with  the  com- 
pactness and  portebility  of  the  mill  (an  essential  feature  in 
nn proven  mines). 
7. — Small  first  cost  of  the  machinery  and  erections  and  reduced  cost 

in  the  maintenance  of  the  mill. 
8. — Proper  feeding  and  sifting,  combined  with  a  rapid  and  uniform 

output. 
9. — The  suitability  of  the  mill  as  an  amalgamator,  thus  saving  the 
cost  of  regrinding  the  concentrates  and   pyrites,  a  process 
necessarily  adopted  in  ordinary  quartz  crushing,  owing  to  the 
coarseness  of  tliu  ore  after  leaving  the  stamps. 
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10. — Keeping  back  mat  gold  when  present,  it  being  brightened  owing 
to  the  peculiar  action  of  the  ball,  and  thus  prevented  Trom 
escaping. 

11. — Ita  Bimplicity  and  few  working  parts;  the  only  wearing  part* 
consiat  of  ihe  ball,  shoe  ring,  and  the  discs,  which  when  worn 
unfit  for  furthLT  use  can  be  speedily  replaced. 

12. — The  adaptability  of  the  mill  lor  either  wet  or  dry,  hard  or  soft 
crushing,  including  such  rocks  as  flints,  coprolites,  slags,  cement, 
coal,  iron  ores,  pottery,  glass,  etc. 

It  was  explained  to  the  writer,  while  seeing  a  machine  at  work 
that  was  manufactured  in  America,  that  the  Americaii  madiinea  were  liablo 
to  have  some  of  the  palverized  mineral  find  its  way  into  the  bearings, 
but  that  this  had  been  efikitually  orercomc,  in  the  KugUsh-made 
machines. 

This  machine  had  an  internal  diameter  of  only  80  inches,  and  carried 
a  ball  8i  inches  in  diameter,  weighing  75  lbs.,  and  during  the  time  it  was 
in  operation  it  crushed  with  wonderful  ease  a  quantity  of  rock  known  as 
Jasper." 

The  action  of  the  ball  is  concussive  and  rolling,  and  this  action  is 
snch  that  the  ball  always  retains  the  foim  of  a  sphere,  and,  presenting  an 
always  changing  position,  keeps  the  outline  or  contact  face  of  the  diecs  | 
periectly  regular  and  defined. 

The  ball  was  perfectly  round,  and  the  path  of  the  ball  in  the  ring  ' 
appeared  to  be  excpedingly  regular  and  uniform. 

It  is  interesting  to  note  that  the  ai-ea  of  crushing  snrfece  pi-esented  by 
a  ball  8^  inches  in  diameter  ia  '213  square  inches,  and  that  in  this  small 
30-inch  muchine,  revolving  at  S(ii)  i-evolutious  per  minute  (this  being 
about  the  speed  required  lor  the  mill),  the  ceutriliigal  force  is  equal  lo 
2,079  lbs. 

In  a  lai^e  mill,  say  6  feet  in  diameter,  with  an  I8-incb  ball,  weigliing  , 
780  iba.,  the  revolutions  being  200  per  mtnuLe,  the  force  of  the  ball,  < 
obtained  by  its  centrifugal  motion,  would  be  equal  to  23,868  lbs.,  or  I 
nearly  11  tons,  and  the  area  of  crushing  surface  would  be  1,018  sqoare 


These  figures  are  worthy  of  note,  inasmncli  as  in  this  later  machine  it 

will  be  obaeiTed  that  the  area  of  crushing  surface  presented  by  the  rolling 

ball  is  equal  to  over  7  square  feet,  and  the  original  weight  of  the  ball, 

although  only  780  lbs.,  when  travelling  at  a  velocity  of  200  revolutions 

■  ^nmplea  iu  both  a  crashed  uid  nncnuhed  atUe  were  exhibited  knd  inspected  bj 


I 
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&  minute,  attaius  the  enormous  crushing  power  of  over  10  tons;  this 
Btupendous  force  bo  rapidly  excitad  will  explain  why  a  mtichine  on  this 
principle  nnd  or  tlic  same  size,  viz.,  6  feet,  will  pulverize  tbe  same 
quitntJLy  of  rock  iis  can  be  turned  out  by  a.  40-8tamp  battery. 

The  weight  of  the  30-inc)i  mill  is  only  3  tons,  and  of  the  6-foot; 
machine  10  tons:  stamping  machinery  of  the  same  capacity  aa  this  latter 
mill  ironld  weigh  between  100  and  120  toiia. 

In  comparing;  the  crushing  power  of  this  hitter  sized  mill  with  the 
results  obtained  by  edge  runners,  it  should  be  remembered  that  this  force 
of  10  tons  is  exerted  around  the  periphery  of  the  machine  200  times  in 
each  minute,  while  edge  rimners  ol'  weight  sufficient  to  equal  this  I'orce, 
cmld  only  trarel  twelve  times  per  minute,  and  as  this  crushing  force 
is  acquired  from  Ihe  dead  weight  moved,  it  requires  hea^'y  and  ponderous 
machinery  of  a  power-absorbing  nature ;  these  remarks  apply  in  a 
greater  or  lese  degree  to  rolls  and  burr  stones. 

The  following  extract,  taken  fi'om  the  "Scientific  Amercan  n 
speaking  of  "Thompson's  Puiverizcr,"  will  explain  more  clea  Iv  tha  the 
vfriter  can,  the  great  advantageH  of  this  mill,  eapecially  in  j  la  es  lee 
BoarciQ  of  water  exists : — 


The  fiueueu  of  tbe  ore  dopondi  o 
quantit;  of  nuter  nsedi  the  more  watet 


the  tmmb«r  of  mesheii  of  the  screen  Biid  tlie 
u«ed,  up  to  a  certaia  qoantitji  tbe  maro  pulp 


will  be  nuhcd  oi 

With  very  little  w^ter  a  lew  qa«utitj  will  be  douB,  but  it  will  be  very  much  finer. 
To  gire  the  mill  all  the  water  tliat  can  be  nied  re<|uircs  but  400  gallons  per  toii  of  pul- 
veiiied  ore.  Thig  compare!  verj  favourably  with  tbe  amoniit  nf  vatar  used  by  the 
(tamp  milla.  In  the  Black  HiUa,  wbere  tbey  roast  eoinntiiine  water,  they  use  2,600 
gallons  |ier  ton  ef  ore;  at  Ihe  Kara  Avis  mine  just  enough  water  to  carry  the  pulp  over 
the  plalea  was  foniid  to  be  all  aulficient.  this  mill,  which  lias  used  the  mai^bine 
(Thonipaou'i)  lougeat,  U  doing  Batjafactorilj  from  3  to  4  Um»  per  bour  with  but  little 

There  ii  no  wear  of  note  on  any  purt  of  the  mill  e>ce)it  on  the  ball  and  ahoe  rin^. 
The  Utter  i«  made  of  rolled  steel ;  the  ball  is  made  uf  xbe  very  best  cnal  bluGt;  chnrcoal 
iron,  deeply  chilled,  which  gives  it  a  d^ree  of  bardoew  not  exceeded  by  the  best  tool 
steel. 

Tbe  smoniit  of  slime  made  is  bat  a  nmall  percentage  of  that  made  by  a  stamp  miU, 
and  from  the  peculiar  form  of  the  pulp,  it  is  more  readily  concentraled,  Hs  shown  by 
actual  workings  on  a  very  large  scale. 

The  null  in  its  construction  is  very  simple  and  easily  set  up,  and  any  wearing  parti 
can  be  replaced  in  an  hour. 

The  lower  half  of  each  screen  frame  is  supplied  with  a  door  which  is  bang  on  hinges. 
M>  that  it  can  be  raised  and  the  mill  cleared  out  while  it  is  in  operation  if  neceiuary. 

It  is  not  possible  for  rust  grjd  to  escape,  as  it  is  brightcried  by  the  rubbing  it  receives 
nbile  in  t^e  mill. 

I  the  mill  is  its  very  low  speed  and  small  power  required. 
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lu  a  pA\>eT  rend  before  the  Frantlio  Institute  ou  Jannarj  18th,  1882, 
by  0.  Henry  Roney,  M.E.,  the  following  remarks,  in  reference  to  this 
pulverizer,  and  the  following  Tuble  of  Comparative  EeanJts  will  be 
fonnd : — 


Durpfrarditig  minnr  (IcImIs,  such  u  the  driving  pulleys,  screens,  bolts,  and  bearings, 
the  entire  pulveri»iT  ia  competed  of  six  pieces— tbe  buttom,  top,  diacs,  ring,  and  b&ll. 

The  machine  is  divided  dirertl;  Ihrongh  the  middle,  and  requirea  no  expenrire 
tonndBtinn  npnii  which  Id  pl&ce  it,  three  □rdiiinry  timbers  aosweriiig  >11  purpooes,  and 
bat  four  bnlts  being  required  to  bold  it  l«getber,  Theiie  removed  in  a  few  moments, 
the  machine  can  be  taken  awaj  bodilj-. 

The  wearing  parte  iif  the  machine,  sucli  as  the  ring,  in  which  the  ball  rerolvei,  the 
rnlla,  the  discs,  and  the  haU  itself,  are  made  of  the  heat  chilled  charcoal  iran,  nnch 
harder  than  the  best  tool  steel,  sucb  tools  as  culd  chisels  having  been  ground  in  this 
pulveriier  t^i  demonstrate  the  barducu  of  the  meta]  and  effecliveneBB  of  the  motion  . 

The  hardcat  rook  may  be  ground  with  very  little  motive  power,  the  largest  machine 
— they  are  made  of  three  liue — requiring  but  ten  hone-power  to  jtulverize  60  to  7S 
tone  of  ore  per  day,  a  qnantity  equal  to  the  work  of  a  Su-ton  stMmp  mill  j  the  next 
smaller  siie  will  pulverize  about  two-tbirds,  and  the  other  about  onc-lialf  of  the  amount 
done  by  tlie  larger  machine,  with  ■  pro|x)rtion»te]j  small  amount  of  power.  The  screen 
Dsed  ia  No.  60  mesh,  and  on  testing  the  pulverixed  ore  which  passes  throngh,  it  was  found 
that  75  per  cent,  of  it  would  pass  throu^fb  a  100  tncsh  screen,  which  is  mnch  finer  than 
pild  or  lilror  ore  crushed  by  ordinary  utamp  mills. 

In  Older  to  compare  the  results  obtAincd  by  this  pulveriier  with  those  given  for 
stamp  miUn  in  California,  Colorado,  Lake  Snperior  copper  mines,  etc.,  by  Kossiter 
W.  Raymond,  U.S.  Commission  of  Mining  StatisUcs,  Prof.  T.  H.  %glestnn,  C.  U. 
Balkea.  M.E..  A.  J.  Bowie,  jun.,  Prof.  R  S.  Monroe  (Trans.  Am.  Inst.  Mining 
Engineers),  and  E.  F.  Altbaws,  U.S.  Centennial  Ileport,  1  hare  prepared  a  Table  giving 
the  msiimnni  resulta  obtained  with  stamps  in  diiferent  localities,  together  Bith  those 
obtained  with  this  machine. 

In  the  large  machine,  the  bail,  origiiiallj  meosaring  about  11  inches  in  diameter, 
weighing  180  His,,  is  used  until  reduced  to  about  9  inches  in  diameter,  wrighing  100  lbs., 
losing  80  lbs.  of  metal,  during  nliich  lime  it  crushes  about  320  tons  of  a  hard  l^nren- 
tian  rock,  giving  a  loss  of  abont  ^  lb.  of  iron  to  each  ton  of  ore  crushed,  while  with 
ordinary  stamps,  one  shoe,  weighing  from  300  to  320  Iba.,  is  estimated  to  crush  40  tons 
of  quartz  rock  before  it  is  discarded,  and  loses  from  one  to  several  pounds  of  netnl  to 
each  ton  of  ore  crushed. 

The  amount  of  water  required  per  ton  of  ore  for  the  pulverizer  is  also  claimed  to  be 
leas  than  one  halt  of  that  required  for  a  Califoriiisn  atamp  mill,  a  very  important  coo- 
tideration  when  we  understand  the  great  dilBcnltj  in  obtaining  water  which  frequently 
exists  in  mining  n^oiia. 

The  ore  receiver  and  eleralor  are  not  necessary  where  the  rock  breaker  is  placed 
on  the  floor  above  and  the  broken  ore  fed  directly  into  the  hopper,  which  is  the  most 
eoonnmical  mode  of  feeding,  oud  the  plan  recommended  by  the  manufiwturer. 
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Ill  order  Ui  make  the  Table  of  Compiii'aLive  Eesultg,  given  by  Mr. 
Eoney,  as  clear  as  may  be,  the  writer  has  taken  the  following  "Table  of 
Dimensions  and  Dnty"  from  the  recent  and  comprehensive  book  oaf 
"Gold:  its  Oocurreuce  and  Estraction,"  by  Alfred  G.  Lock,  F.R.G.S. 

Mr.  Lock  saya: — "The  annexed  Table  reTeaU  at  a  glance  the  dimen- 
sions and  working  results  of  a  numtwr  of  mills  in  various  purts  of  the 
world,  including  some  that  may  be  considered  representative." 

TABLE  OF  DIMENSIONS  AND  DUTY. 

Ae"tJllI,D;    ITS   OCCPEBBNOB   AMD   ElTBAOTIOB,"  BT  A.   O.   LOCS,    F.R.G.S. 
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In  the  game  work  the  following  appears,  in  reference  to  Thompson's  J 
pulverizer : — 

'Hie  action  of  TbompKiii'H  pnlverizer  consints  in  the  nae  of  a  heavy  ball  witliia  a  I 
revolving  drum,  the  ImU  being  tlirown  hj  contrifngal  force  agiunsC  tke  nuiteriikl  to  b>  I 
ctnehod.  I 

Tlie  Bize  veighing-  5  Unu,  and  mnniiig  with  a  190-11).  ball,  roqnires  10  hone-powe^  J 
and  pnlverizeg  60  tonii  |>er  twcatf-four  houn  tfl  a  dt^jee  thai  allowa  it  to  pa«  tbm^  I 


Allowing  the  latter  part  of  the  paragraph  to  be  correct,  the  expluia-  J 
tion  of  the  principle  of  the  machine  is  here  not  very  clear.     The  ball  and  | 
discs  while  revolving  on  different  axes  necessarily  take  the  same  direction, 
but  the  shoe  ring  around  wliiuli  the  ball  travels  is  stationary. 

By  referring  to  Mr.  Rimcy's  '■  Table  of  Comparative  Results,"  and  to 
Mr.  Lock'H  "Tiilile  ami  Dimensions  of  Duty,"  it  will  be  observed  that   ' 
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whereas  the  mineral  pnlverized  is  made  to  pjiaa  through  screens  with 
3,600  holes  to  the  square  inch  in  "Thomjieon's  Pulverizer,"  the  sise  of 
the  screens  in  the  othei-a  in  no  case  exceeds  900  holes  to  the  square 
inch. 

It  should  also  be  noted  that  Mr.  Runey  states  that  on  testing  the 
pnlverized  ore  75  per  cent,  was  found  to  pass  through  a  mesh  containing 
10,000  holes  to  thesqnare  inch. 

Many  mining  engineere  have  frequently  pointed  out  that  the  evil  of 
the  present  system  of  treating  gold  quartz  consists  in  the  fact  that  the 
meshes  used  on  the  boxes  of  the  stamps  have  too  few  holes  to  the  square 
inch,  and  consequently  a1l>iw  the  crushed  material  to  pass  over  the 
mercury  tables  without  being  of  sufficient  fineness  to  liberate  all  the 
free  gold;  this  was  found  to  be  so  in  the  case  of  the  Indian  gold  mines, 
and  screens  with  meshes  of  from  2,000  to  3,500  holes  |>er  square  inch 
were  sent  out  to  be  introduced  on  to  the  l»-\ea  of  the  stamps,  but  they 
would  not  answer,  as  the  boxes  immediately  filled  with  the  crushed 
mineral,  tlie  stamps  not  being  able  to  pulverize  the  ore  to  a  sufficient 


With  stamps  weighing  900  His.  each,  and  Mn'eens  fixed  at  both  the 
front  and  back  of  the  boxes,  it  was  found  thai  not  10  jier  cent,  of  the 
original  output  could  be  maintained  with  those  screens. 

It  is  well  known  that  in  ordinary  stamping,  duplicate  stamps  and 
shoes  are  required  to  replace  those 'discarded  or  thrown  out,  and  the 
writer  can  corroborate  the  figures  given  by  Mr,  Roney  as  to  the  loss  of 
metal  in  stamps,  and  the  waste  occasioned  by  the  wear  of  the  stamp  heads 
and  shoes,  which  after  a  short  use  are  of  no  further  commercial  valuej 

I,  therefore,  important  to  mark  the  fiprures  given  of  the  wear  of 
Thompson's  machine,  which  shows  in  exceptionally  hard  rock  a  wear  of 
only  J  lb.  of  metal  for  each  ton  of  ore  crushed. 

It  is  n1so  stated  that  as  the  ball  always  retains  its  spherical  form  there 
is  practically  no  waste,  aa  the  ball,  although  rendered  useless  for  the 
original  machine  by  its  wear,  can  be  further  used  for  smaller  machinea, 
which,  in  many  cases,  may  be  on  the  premises. 

Reference  has  been  made  at  the  commencement  of  this  paper  to  the 
bulky  nature  of  the  machinery  used  for  ordinary  crushing  purposes,  and 
also  to  the  expensiveness  of  the  foundations  required.  It  is  nu  uncommon 
occurrence  in  foreign  mining  enterprises  to  find  that  two  ov  three  years 
are  spent  in  getting  the  mill  to  the  mine  and  having  it  fitted  up  for  work, 
where  not  unfreqnently  it  remains  without  doing  any  work  whatever, 
the  property  baring  been  proven  in  the  meantime  to  be  quit«  valueless. 
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It  occnra  to  the  writer  that  it  would  be  much  Iwtter,  in  all  cases  where 
the  mine  is  not  thoroughly  proven,  that  some  suitable  bnt  inexpensive 
and  portable  mactiinory  should  in  the  first  instance  be  erected,  which 
would  be  able  without  aaj  appreciable  delay  to  prove  the  value  of  the 
property. 

That  this  is  what  is  wanted  everyone  has  admitted,  bnt  it  haa  always 
been  contended  that  there  was  nu  suitable  machinery  for  this  purpose; 
B8,  however,  a.  small  mill  like  the  one  described  can  crush  the  faardest 
rocks,  the  writer  considers  this  difficulty  has  been  overcome. 

It  may  be  contended  thnt  it  wonld  be  unwise  to  erect  a  mill  which 
would  be  unequal  to  the  output  of  a  successful  mine,  but  it  must  be  noted 
that  a  small  sized  SO-inch  machine  is  capable  of  turning  out  aa  much 
crushed  ore  (the  meshes  containing  3,600  boles  to  the  square  inch)  as  a 
mill  of  fifteen  head  of  stamps  weighing  900  lbs.  each  with  meshes 
containing  only  900  holes  to  the  square  inch;  it  is  also  natural  to  suppose 
that  the  former  of  these  mills  would,  by  crushing  the  ore  finer,  give  ■ 
truer  insiglit  into  the  value  of  the  property. 

Unless  a  mine  is  thoroughly  proven  it  is  always  unwise  to  erect  a 
permanent  mill  in  any  particular  position,  because  it  is  impossible  to  say 
where  the  majority  of  the  ore  may  possibly  come  from,  and  it  has  already 
beeu  pointed  out  that  the  cost  of  transit  of  the  material  i;hould  be  kept 
as  low  as  possible.  In  ordinary  stamping  machinery,  when  once  the 
mill  is  erected,  the  transit  of  the  ore  must  be  made  subservient  to  the 
position  of  the  mill,  while  in  using  "Thompson's  Pulverizer,"  the 
machine  could  be  moved  from  place  to  place  with  comparatively  small 
oost. 

In  the  silver  mines  of  Mexico  it  is  found  that  the  finer  the  ore  is 
crushed  the  more  perfect  is  its  transformation  into  chloride  by  roasting, 
and,  doubtless,  in  the  treatment  of  most  minerals  which  occur  either 
in  chemical  or  mechanical  combination  with  other  aubstances,  the  finer 
they  are  pulverized  the  cheaper  and  more  effective  will  be  their  subse- 
quent treatment. 

The  tin  ore  of  Cornwall  in  many  cases  has  to  be  finely  ground,  and  l^ 
the  application  of  pneumatic  stamps  the  pulverized  material  is  able  to  paas 
through  meshes  with  ],29(j  holes  to  the  square  inch,  and  it  woold  be 
interesting  to  learn  whether  the  treatment  might  not  be  still  fiirther 
improved  if  the  ore  were  pulverized  finer. 

With  respect  to  the  suitability  of  this  machine  as  an  amalgamator, 
it  may  be  remarked  that  in  many  mines  where  the  concentrates  and  pyrites 
are  rich  they  undergo  a  further  re-grinding  process  in  wheelers,  pans,  or 


I 
I 


THOMPSON'S   PATENT   CENTRrFlfOAL  PL'LVERIZER.  117 

other  appliances,  m  order  that  they  may  he  reduoed  to  as  fine  a  palp  as 
is  possible  before  amalgamatkin ;  this  reqidreB  considerable  additional 
motive  power,  which  is  saved  in  Thompaun's  maciiine,  owing  to  the 
fiDeness  of  the  ore  already  crushed,  so  that  instead  of  having  to  operate 
Btill  further  on  the  concentrates  and  pyrites,  the  mercuiy  can  be  either 
placed  in  the  mill  itself,  or  the  concentrates  can  be  treated  in  a  Bimilar 
machine  specially  designed  for  that  purpose. 

Another  important  consideration  in  treating  mineralB  is  the  cost  of 
the  machinery  and  tl«  maintenance,  and  here  again  this  pulverizer  shows 
fl  CODsiderable  advuntsgc  over  other  mills. 

Mr.  Lock,  in  his  book,  gives  the  total  cost  of  an  eighty  head  gravi- 
tation stamp  mill,  capable  of  crushing  120  tons  in  twenty-four  hours, 
including  freight,  foundations,  buildings,  etc..  delivered  in  India,  as 
£7,190,  and  of  twenty  head  of  Elephant  stamps,  cruBhiug  the  same 
qnantity  of  rock,  £3,456.' 

These  figures  appear  if  anything  to  be  within  the  mark,  as  the  writer 
knows  of  instances  where  forty  stamp  batteries,  capable  of  crushing  only 
80  tons  in  twenty-four  hours,  have  cost  between  £D,000  and  £10,000 
inclusive  of  freight,  buildings,  etc. 

It  is  estimated  that "  Thompson's  Pulverizer"  would,  with  a  guaranteed 
capacity  of  60  tons  in  twenty-four  hours,  doing  up  to  75  tons,  cost  £1,800 
isclading  freight,  erections,  and  buildings-f 

It  will  he  obsen'ed  on  reference  to  the  aforesaid  tables  that  the  motive 
power  required  for  the  various  mills  ranges  irom  one  to  two  horse-power 
per  ton  of  ore  crushed,  while  this  pulverizer  gives  from  6  to  7^  tonsi 
per  horse-power,  with  the  ore  passing  through  meshes  of  a  degree  of 
fineness  impracticable  in  ordinary  stamping  machinery. 

In  one  of  these  30-inch  dry  mills  erected  in  America  for  grinding  hard 
phosphate  rocks,  twelve  horse-power  crashed  2,900  Ihs.  per  hour,  much 
finer  than  formerly  twenty-five  horse-power  crushed  1,000  lbs.  per  hour 
■with  burr  stones, 

Having  Bomcwhat  fully  discussed  the  suitability  of  this  pulverizer  for 
the  crushing  of  mineral  ores,  the  writer  would  now  wish  to  shortly  point 
out  the  merits  of  the  machine  for  the  grinding  of  coal. 

Fig.  2  is  a  section  through  A  A  Fig,  1  of  the  same  machine,  and  shows 
the  active  principle  of  the  machine  without  any  of  its  esterior  fittings, 
Fig.  1  represents  the  transverse  section  of  a  complete  miU  fitted  up  in 

'These  figtirss  me  giveu  ]iy  the  iiiakoT  of  the  Elephant  etampa, 
+  BBtiointe  mwle  to  the  Indiau  gold  fields. 
tSse  Mr.  Riiuo^'ii  Tnble  of  Comparative  RoaiiJta. 
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He  entirety,  whicfa,  with'  certain  modifi cations  thtit  mi^ht  be  necessary 
under  varying  conditions,  §eems  lulmirably  snited  for  tlie  grinding  of 
ooal  with  very  small  motive  power. 

The  ordinary  coal  disiutegratora  are  acknowledged  to  be  very  great 
conenmers  of  power,  owing  to  the  eiceBsively  high  velocity  at  which  they 
have  to  run ;  a  velocity  necessary  not  because  of  the  foi-ce  required  U> 
break  or  disintegrate  large  mnsses  of  coal,  but  becansc  the  smaller  the 
particles  are  broken,  the  greater  is  the  velocity  or  force  that  mast  be 
imparted  to  reduce  them  still  finer. 

In  other  words  the  action  on  the  coal  is  irregular,  too  much  power 
being  applied  to  the  coal  as  it  is  fed  into  the  mill,  in  order  that  there 
may  be  power  aufficient  to  reduce  the  coal  to  a  uniformly  fine  dust:  for 
the  present  class  of  disintegrators,  if  running  at  low  velocities,  does  not 
BufiBciently  reduce  the  coiil  to  the  size  required  for  coking  purposes,  but 
by  the  adoption  of  a  machine  such  aa  that  illustrated,  modified  accord- 
ing to  the  conditions  of  the  mine,  the  coal  would  be  ground  to  any 
desired  fineness  with  small  motive  power. 

The  action  of  this  machine  is  entirely  different  to  other  disintegra- 
tors, for  the  crushing  and  grinding  foroe  is  perfectly  equal  and  regnlar, 
and  is  maintained  at  a  low  velocity. 

The  substance  to  be  acted  on  falls  from  the  hopper  /  into  the  feed  wheel 
y,  forming  one  end  of  the  rotatory  sieve  x,  and  taking  He  bearing  on  the 
neck  of  the  standard  e.  This  wheel  is  constructed  with  an  incline  trongh- 
like  rim  fitted  with  feeding  buckets,  so  that  the  sut>stance  falling  into 
the  rim  pusses  through  the  open  spaces  between  the  arms  /  into  the 
bucketa,  which,  in  course  of  their  rotation  with  the  wheel,  elevate  and 
feed  it  into  the  mill  hopper  </,  from  which  it  passes  through  the  channels 
h  h  into  the  circular  mill  ring  e,  where  it  is  operated  apon  by  the  centri- 
fugal force  of  the  ball  b. 

For  coal  grinding,  instead  of  using  the  screens,  a  series  of  blades  k  k, 
are  so  arranged  as  to  prevent  the  substance  from  getting  away  from  the 
bait  until  it  is  sufficiently  reduced. 

The  mill  is  bo  encased  that  the  substance,  after  passing  through  the 
spaces  between  the  blades,  falls  into  the  receptacle  m,  which  is  constructed 
with  a  door  n,  so  arranged  as  to  accumulate  and  retain  a  quantity  of  the 
substance  passing  from  the  mill,  while  a  given  quantity  is  under  the 
process  of  sifting  by  the  rotating  sieve  which  is  fitted  with  a  collector  o, 
at  every  revolution,  the  sieve  gathers  and  returns  to  the  mil]  hopper 
for  re-grinding  snch  quantity  nf  the  substance  as  may  be  too 
to  pass 
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The  collector  having  passed  the  outlet  of  the  receplacle  in  course  of 

'  ite  revolution,  a  projection  'p  in  the  wheel  r,  forming  the  sieve  end,  ramea 

'  in  contact  with  the  roller  »,  lilting  it  np  in  such  a  manner  ax  to  open  the 

door  iif  the  receptacle  and  retain  it  open  sufficiently  long  to  admit  of  the 

gronnd  or  pulverized  substance  accumulated  therein  being  deposited  on 

to  the  mesbeB  of  the  sieve. 

The  projection  passed,  the  do<jr  again  closes  to  retain  or  accnmulate 
another  quantity  of  substance  while  that  it  has  just  deposited  is  being 
sifted. 

The  rotary  motion  is  imparted  to  tlie  feed  wheel  and  sieve  by  their 
connection  with  the  wheel  r,  which  receives  a  slow  motion  from  the  shaft 
U  by  means  of  gear  z  as  shown.  The  casing  u  prevents  the  escape  of  duat, 
and  the  Bubstance  falling  from  the  sieve  passeB  through  the  ojien  space 
w,  to  which  any  suitable  shoot  or  receptacle  may  be  attached. 

The  degree  of  fineness  required  can  be  regulated  by  the  pitch  and 
distance  apart  of  the  propellere  i  k. 

The  use  of  this  pulverizer  is  not  confined  to  mining,  it  can  be  applied 
under  very  favourable  ctrcnmstancea  for  the  pulverizing  of  fireclay  and 
other  substances  used  for  brick-making ;  the  fineness  of  the  fireclay  after 
treatment  would  probably  render  the  bricks  of  greater  value  than  they  are 
at  present,  and  the  coet  of  production  would  be  considerably  cheapened. 

In  many  manufactures,  ganister,  spiegeleisen,  slag,  glass,  pottery, 
and  various  chemiails,  are  required  to  be  gronnd,  and'  as  the  cost 
of  this  is  considerable,  it  is  worth  while  to  inquire  whether  the 
application  of  Thompson's  Pulverizer  would  not  be  an  advantage  and 
effect  a  conaidcrable  saving;  this  remark  would  doubtless  apply  with 
even  greater  force  to  the  important  indnatry  of  cement  manufacture,  to 
the  crushing  of  many  of  the  hard  rocks  used  for  making  the  various 
kinds  of  paints,  and  to  the  crushing  of  phosphate  rock  for  farming 
purposes;  in  all  of  which  cases  the  finer  the  substance  is  ground  the 
better. 

The  following  extract  taken  from  "  Chemistry  of  the  Farm,"  by  Mr. 
James  Macfarlane,  analytical  chemist,  will  show  the  use  of  this  machine 
for  treating  coprolites: — 

Caprotilet;  o*iiig  to  thoir  Bnimnl  origin  we  rcssonably  expect  to  find  the  citcrior 

«nuted  or  indunit«d,  thrnugb  having  been  acted  u[>on  b;  atmiMphcric  agencies,  und 

neoeuarilj  jioorer  than  the  interior  and  Bofter  portion,  and  hence  the  adrianbilitf  nf 

niing  a  machine  fur  grinding  them  which  will  etfectuftllj  eeparate  the  tvo  qnalities, 

outer  ur  poorer  portion  and  th«  inD«r  or  richer,  inch  a  machine  for  instance  H 

I   Thompton's  pulverizer. 
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In  concludiDg  this  paper  the  writer  would  remark  that  after  seeing 
this  pulverizer  at  work,  his  wish  has  been  to  bring  before  the  members  of 
this  Institute  a  description  of  a  machine  which  appeared  to  him  to  hare 
merits  worthy  to  be  placed  on  record. 


The  President  said,  the  machine  seemed  to  be  a  very  beaatifollj 
designed  one,  and  no  doubt  was  very  eflBcient  in  its  working;  but  it 
would  be  required  to  be  studied  before  the  subject  could  be  discussed. 
He  proposed  a  vote  of  thanks  to  Mr.  Candler. 

The  motion  was  agreed  to,  and  the  meeting  concluded. 


PROCEEDINGS. 


MEETING.  Tl^ESDAV,  MARCH  IStb.  1884,  AT  THE  GREEN  DRAGON 
INN.  WORKINGTON. 


GEORGE  BAKER  FORBTEB,  Esq.,  PairsinBHT.  i 


A  meeting  of  reembers  of  the  Inetitnte  interested  in  the  geology  of 
the  Cumberland  Coal-field  was  held  at  the  Green  Dragon  Inn,  Work- 
ington, for  the  purpose  of  discnssing  Mr.  J.  D.  Kendall's  papers  "On  the 
Structure  of  the  Cnuiberiand  Coal-field"  and  "On  the  Hrematite  Deposita 
of  Fumess."     Between  forty  and  fifty  members  were  present. 

The  Pbesident  said,  that  at  the  meeting  held  at  Barrow  it  was 
suggested  that,  as  the  time  then  at  the  disposal  of  members  was  far  too 
short  to  cxhaufitively  discuss  the  E"-ibjcct8  of  Mr.  Kendall's  papers,  a 
BupplemcDtary  meeting  should  be  held  at  whieh  members  living  in  the 
neighbourhood  of  the  district  described  could  fully  and  fairly  discuss  the 
points  raised  respecting  the  local  geology.  They  hod  now  assembled  to 
hear  what  was  to  be  said, 

Mr.  Kendall  said,  he  did  not  thjnli  that  he  bad  anything  further 
at  present  to  add  to  his  papers,  but  he  would  call  attention  te  a  few  cor- 
rections he  wialied  to  make  in  the  paper  "On  the  Cumberland  Coal-field." 
At  page  840,  Vol.  XXSIl.,  in  the  tenth  line  from  the  bottom,  it  should 
read  "Ten-qnarter  Band  of  EUcnborougb,"  iustcad  of  "White  Metal 
Band  of  EUenborough."  On  Plate  XX XII.  the  outcrop  of  the  Yard 
Band  at  Aspatria,  and  Old  Brayton  Domain,  was  marked  Main  Band. 
Although,  according  to  his  correlation,  it  was  equivalent  to  the  Main 
Band  at  Bolton  and  Mealsgute,  it  should  not  be  marked  Main  Band  at 
those  collieries,  because  it  was  there  called  the  Yard  Band,  that  is,  at 
Aspatria  and  Old  Brayton  Domain.  On  Plate  XXXVI.,  in  Section 
Xo.  7,  at  the  Harrington  Colliery,  "Three-feet  Seam"  was  written 
twice  over,  but  the  top  one  should  read  "  Two-feet  Seam."  On  page 
356,  in  the  seventh  line  from  the  bottom,  for  "towards  the  east"  read 
"towards  the  west."    He  might  mention  there  was  a  seam  which  he  bad 
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not  taken  any  notice  of  in  the  paper,  which  was  known  in  one  part  of 
the  district — Studfold  Colliery,  near  Gilgatran — as  the  China  Band.  He 
correlated  this  band  with  the  Yard  Seam  of  Gilgarran  and  the  Sii-qnarter 
of  Whitehaven,  which,  he  believed,  would  be  considei-ed  a  piece  of 
heresy;  bnt  probably  Bomc  of  the  members  present  would  show  where 
he  was  wrong. 

Mr.  Fletcher  said,  it  was  only  due  to  Mr.  Kendall  that  some  one 
who  had  had  a  long  practical  esperience  like  himself  (Mr.  Fletcher) 
the  coal-field  of  West  Cumberland  should  make  some  observations  npon 
this  very  excellent  paper.  They  would  all  agree  with  him  in  compli- 
menting Mr.  Kendall  on  the  great  pains  and  research  he  had  taken  to  put 
the  matter  clearly  before  them.  The  pojier  showed  that  the  writer 
had  a  scientifically  constituted  mind  and  a  groat  amount  of  scientific 
training.  There  were,  however,  some  errors  to  which  he  would 
draw  attention.  In  the  section  given  by  Mr.  Kendall  of  the 
Aspatria  No.  1  Pit,  at  (mge  387,  he  gave  the  thickness  of  the  Little  Main 
Coal  at  2  feet  2  inches.  On  reference  to  the  actual  boring  journal  he 
(Mr.  Fletcher)  found  that  this  thickness  of  the  seam  included  impurities, 
the  greatest  part  being  what  waa  called  "  Rattler "  in  this  district — 
that  was  bituminous  shale.  Therefore,  the  seam,  which  might  appear 
to  be  workable  according  to  the  paper,  was  in  reality  nnworkable. 
page  350,  Mr.  Kendall  gave  the  thickness  of  the  Six-quarter  Band  at 
Melgramfitz  Colliery  at  2  feet  11  inches;  this  was  only  part  of  the  seam. 
The  upper  coal  was  1  foot  10  inches,  shale  or  thill  10  inches,  lower  coal 
2  feet  11  inches,  making  altogether  5  feet  7  inches  of  coal,  instead  of 
2  feet  11  inches.  On  page  SJJ.Mr.KendHllstatcd  that  he  considered  the 
Crow  Band  and  the  Ten-quarter  or  Master  Band  of  the  Meaisgate  district 
both  lie  in  the  Whitehaven  sandstone.  In  this  he  was  quite  sure,  from  h: 
experience,  that  Mr.  Kendall  was  mistaken.  He  (Mr.  Fletcher)  had  a  pit' 
which  went  right  through  these  bands  or  seams  near  to  Mealsgatfi,  and' 
they  were  found  in  the  orilinary  coal  meaBures  and  some  fathoms  below 
the  base  of  the  Whitehaven  sandstone,  they  were  conformable  with  other 
seams  of  coal  of  the  Carboniferous  series,  and  were  not  conformable 
with  the  Wliitehaven  sandstone.  On  page  349,  Mr.  Kendall  correlated 
the  Tliirty-ineh  Scam  in  the  Aspntria  and  Mealsgate  districts  with  the 
Crow  Coal  of  the  Workington  and  Whitehaven  districts.  In  this,  lie 
believed,  Mr.  Kendall  was  mistaken  also.  From  the  experience  he  had' 
had  of  these  seams  both  at  Mealsgate  and  near  to  Workington,  iai] 
thought  there  was  little  doubt  that  this  was  a  seam  which,  at  Clifton 
UreysoQthen,  was  called  the  Black  Metal  Band,  and  lies  nine  or 
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ftthomB  aboTe  the  Main.  At  Aspatria  and  Mealsgute  it  thickened  to 
about  three  feet,  and  went  by  the  name  of  the  Thirty-inch  Seam.  On  ]iage 
340,  Mr.  Kendall  pointed  out  that  in  his  opinion  the  Lickbank  or  Six- 
qoarter  Seam  that  was  worked  at  Bronghton  Moor  and  Dearham  did  not 
correBpoud  with  the  same  eeam  in  other  parts  of  tbe  district.  That  he 
(Mr.  Fletcher)  thought  was  an  error.  According  to  the  boringa,  and 
according  to  the  actual  working  of  this  Beam  at  Dearham,  it  no  doubt 
repi-eaented  the  Lickbank  Senm  throughout  the  Workington  part  of  the 
district.  Mr.  Kendall  had  omitted  in  his  paper  to  refer  to  the  coal  in 
the  east  part  of  Comberland;  hut  he  bad,  no  doubt,  intentionally 
confined  himself  to  the  west  part  of  Cumberland.  It  was  worth  while 
mentioning  that  at  Naworth  Colliery,  in  the  neigh honrhood  of  Midgeholme 
and  Tindal  Fell,  there  waa  a  seam  three  feet  thifk,  whicli  lies  within  the 
Carboniferous  limestone.  So  fur  as  he  knew  there  was  no  other  instance 
of  coal  being  worked  in  the  Cai-boniferous  limestone. 

The  Pkesident — In  Northumberland  there  is. 

Mr,  Fletchbe — It  is  probably  a  continuation  of  this  limestone. 

The  Phebidknt — Yea,  it  is. 

Mr.  Peile — Coal  is  also  worked  in  the  Burgh  district,  at  Toweet,  not 
far  from  Lowther,  near  Penrith. 

Ml-.  Fletcher— In  Scotland  there  is  some  worked.  In  regard  to  the 
correlation  which  Mr.  Kendall  argned  esisted  between  the  Eattler  Band, 
worked  at  Maryport  and  Workington,  with  the  Bannock  Band  at  Cleator 
Moor,  he  (Mr.  Fletcher)  entirely  agreed  with  the  theory  he  had  pro- 
pounded. Without  wishing  at  all  to  detract  from  tlie  merits  of  Mr. 
Kendall's  remarks  on  the  subject,  it  was  only  right  to  mention  that  the 
late  Mr,  Isaac  Fletcher,  almost  thirty  years  ago,  when  he  was  consulting 
viewer  for  some  collieries  at  Cleator  Moor,  found,  to  his  own  satisfaction, 
that  the  Bannock  Band  there  worked  correlated  with  the  Eattler  Band 
in  the  Workington  and  Maryport  districts.  Mr.  Isaac  Fletciier  com- 
municated his  Tiew  on  the  subject  to  the  late  Mr.  Thomas  Eraei-son 
Foreter — the  worthy  sire  of  a  worthy  son — and  also  to  Mr.  Peter  Bourne, 
who  at  that  time  was  Lord  Lonsdale's  viewer,  and  at  first  they  were 
donbtful,  but  they  came  round  to  Mr.  Fletcher's  view ;  and  it  was  estab- 
lished, as  shewn  in  this  paper,  that  the  seams  were  identical.  Mr.  Kendall 
pointed  out  the  correlation  of  the  Cleator  Moor  Five-feet  Seam  with 
the  Ten-qnarter  Seams  in  other  parts  of  the  district,  and  in  this  he  thought 
he  was  perfectly  right ;  but  he  thought  Mr.  Kendall  was  entirely  in  tbe 
wrong  in  attempting  to  coiTelate  the  Sis-quarter  Scam  with  what  he  called 
the  China  Band  at  Oatlantfe.    He  (Mr.  Fletcher)  thought  it  was  beyond 


IM  DISCUSSION — STKUOTUBE  OF  THE 

qnefltion  that  this  China  Baud  was  the  same  as  the  Five-feet  or  Ten- 
quarter  Soam  at  Cleator  Moor  and  other  parts  of  the  district,  as  it  there 
lies  above  the  Bannock  and  Main  Baud  as  well  as  the  Lower  Seam  that 
has  been  spoken  of.  In  fact,  at  Oatlauds  Pit  they  had  actually  proved  the 
eiiateuce  of  the  Bannock  Biind  1 2  Inthorns  under  this  China  Band.  Lower 
down  thcyougbt  to  have  found  the  Main  Coal.  Theroof  was  there,  and  the 
sill  was  there;  but  the  coal  itseif  was  wanting,  they  had  reaeon  to  believe,  in 
consequence  of  the  extension  in  that  direction  of  a  nip  fonnd  in  another 
colliery  a  little  to  the  rise.  He  pointed  this  out  with  great  respect  for  Mr. 
Kendall's  superior  knowledge,  but  at  the  same  time  with  great  certainty 
that,  upon  practical  grounds,  he  (Mr,  FletcherJ  was  right.  As  to  the  Ban- 
nock Band,  there  waa,  he  believed,  little  doubt  that  the  Upper  Seam  that 
had  been  worked  at  the  new  colliery  near  to  Siddick  was  the  Bannock,  or 
what,  in  the  more  eaatem  part  of  the  district,  was  called  the  Rattler  Band. 
At  that  point,  he  believed,  the  Ten-quarter  Seam,  which  usually  lies  above 
the  Bannock  or  Rattler  was  wanting.  There  was  one  part  of  the  district 
where  the  two  scams  were  found  in  an  unusual  state  of  perfection,  and  that 
was  at  the  William  Pit  at  Clifton  Colliery,  now  belonging  to  the  West  Cum- 
berland Iron  Company,  and  sunk  under  his  direction  about  twenty  years 
ago.  There  was  the  Upper  Seam,  the  Ten-quarter,  about  6  feet  10  inches 
of  almost  clean  coal,  and  7  fatlioms  below  that  there  waB  this  Bannock  or 
Rattler  Seam,  as  follows: — Rattler,  on  the  top,  8  inches;  pnre  coal, 
an  extraordinary  fine  quality,  S  feet  2  inches,  and  cannel  below  5  inchefl, 
making  a  total  thickness  of  4  feet  3  inches.  Ue  regretted  to  say,  however, 
that  the  Bannock  or  Rattler  Seam  in  this  state  of  unusual  perfection  ci< 
tended  only  a  small  distance  from  the  pit ;  perhaps  it  did  not  cover  more 
than  8  or  10  acres ;  and  in  the  rest  of  the  Clifton-Greysouthen  district  it 
was  not  more  than  18  inolies  thick  on  the  average.  Mr.  Kendall  alluded 
to  some  great  nips  found  in  the  coal-field,  especially  to  one  at 
Workington,  and  to  another  in  the  neighbourhood  of  Camcrton.  Mr. 
Kendall  seemed  to  be  of  the  opinion  that  the  one  nip  waa  a  con> 
tinuation  of  the  other  comin<^  down  the  valley  of  the  Derwent.  In  tbia 
view  he  thongbt  Mr.  Kendall  was  mistaken ;  because  the  Main  Band 
Seam,  in  an  unusual  state  of  perfection,  9  or  10  feet  in  thickness,  had 
actually  been  worked  between  the  two  points  mentioned  by  Mr.  Kendall — 
between  Caraerton  and  Workington — showing  that  the  two  nips  must  be 
entirely  distinct.  Unforttmately,  there  was  a  nip  of  great  magnitude  in 
the  Camerton  district,  and  it  had  played  great  havoc  with  the  coal-field, 
as  he  knew  to  his  cost;  beeausc  where  he  expected  to  have  nearly  1,000 
acres  of  Main  Band  Coal  there  was  actually  nothing.    The  nip  at  Working- 
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ton  was  probably  quite  as  extenaive,  mtd  it  had  been  a  Roiirce  of  great  loaa 
and  also  of  grief  to  the  late  Mr.  John  Christian  Ciirweu,  who  siuik  the 
deep  Isabella  Pit ;  and  It  was  the  diEnppointment  cauged  hj  this  and  other 
nipB  tliat  used  to  make  Mr.  Curwen  say  that  "two  hitches  and  a  roll  were 
better  than  one  nip."  After  sinking  the  Isabella  Pit  at  a  cost  of  £80,000 
down  to  the  poeitiou  of  the  Main  Baud,  ^vhich  in  that  district  was  10  feet 
thick,  Mr.  Curwen  found  the  coal  absolutely  denuded,  and  be  drove  a 
drift  a  good  distance  before  he  came  to  the  coal.  It  would  perhaps  have 
been  better  if  Mr.  Curnen  had  closed  the  colliery  when  he  came  to  the 
nip,  because  afterwards  the  sea  got  in  and  drowned  a  great  part  of  the 
Workington  Colliery.  The  nip,  in  the  Camcrtun,  Ribton,  and  Seaton 
districts  altogether,  probably  covered  an  area  of  1^  square  miles.  There 
were  1,000  or  1,200  acres  there  iu  which  the  Main  Band  was,  as  far  as  they 
knew  yet,  absolutely  wanting;  and  many  researches  had  been  made  at  dif- 
ferent times  in  tiiese  royalties.  The  deepest  boring  was  put  down  by  the 
West  Cumbeiland  Iron  Company  two  or  three  yeare  ago,  and  it  went  as  far 
as  48  fathoms  below  the  Ten-quarter  Scam  without  finding  anything,  not 
even  a  ti-ace  of  the  Main  Band,  the  place  of  it  and  of  the  shales  which 
usually  enclose  the  Main  Band  having  been  taken  by  freestone.  Of  course 
it  was  barely  possible  that  the  failure  of  the  holes  to  find  the  Main  Band 
might  be  due  to  the  thickening  of  the  cover.  No  doubt  the  cover  did  vary 
very  much  iu  different  parts  of  the  district.  For  iDsfcaiice,  within  a  space  of 
three-quarters  of  a  mile  at  Clifton,  the  thickness  incrcasod  from  16  or  17 
fathoms  at  one  point  to  80  fathoms  at  the  Lowther  Pit.  He  lielieved  twenty 
or  thirty  holes  had  been  bored  in  the  three  manors  in  search  of  the  Main 
Coal.  He  entirely  agreed  with  Mr.  Kendall's  remarks  respecting  the  un- 
proved district,  marked  red  in  the  plans,  lying  north  of  the  Marypoit  and 
Carlisle  Railway.  The  Mealsgate  coal-field,  and  also  the  Aspatria  district, 
was  bounded  by  an  enormous  down-throw  fault  to  the  north,  and  over  that 
fault  only  two  attempts  had  been  made  to  find  the  Main  Coal,  and  be  need 
not  refer  to  them  as  both  were  explained  by  Mr.  Kendall.  Both  attempt* 
were  unsuccessful.  One  went  down  1,100  feet,  and  only  got  to  the  top  of 
the  Wbitehaven  sandstone.  There  was  no  doubt  in  his  mind  that  moat 
of  the  seams  in  this  district  did  cttend  over  the  whole  of  that  country, 
which  goes  much  further  than  shown  on  the  plan ;  it  included  some  score 
of  square  miles.  In  his  opinion — though  it  might  be  after  all  of  them 
had  passed  away — the  future  prosperity  of  this  district  would  be  very  mucli 
upon  the  development  of  that  coal-field.  Mr.  Kendall  did  not,  he 
thought,  say  anything  in  his  paper  as  to  the  quality  of  the  coals  in  Cum- 
berland, and  therefore,  for  the  benefit  of  their  friends  who  had  come  from 
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ft  distance,  he  might  bricfl;  apeak  of  one  or  two  coals.  The  Main  Band,  m 
worked  at  Whitehaven,  Workington,  and  other  parts  of  the  district,  pro- 
duced coal  of  excellent  quality  indeed,  both  for  housebold  and  steam 
purposes.  For  200  years  at  least  the  coal  at  Whitehaven  had  been  the 
leading  cobI  in  the  Dublin  market,  owing  to  its  cscellent  bumiDg  property, 
its  freedom  from  snlphnr,  and  its  ability  to  bear  transit.  Some  of  the  coals 
were  excellent  for  gas-making.  His  friend,  Mr.  J,  8.  Simpson,  was  now 
working  some  ooal  at  Harrington — he  thought  the  Six-quarter  Seam,  which 
was  worked  at  the  deep  pit  at  Harrington — and  the  coal  produced  otct 
11,000  feet  of  gas,  with  illuminating  power  of  18  or  11)  candies. 

Mr.  J.  S.  SiHPSON  said  Mr.  Fletcher  was  right  as  to  the  quantity,  but 
the  illuminating  power  was  14  or  15  candles. 

Mr.  Fletchek  Raid  he  did  not  think  there  was  a  ooal  in  the  Newcastle 
district  which  did  moi'c  than  that.  Near  Dearham,  a  superior  kind  of 
cannel  had  been  found,  which,  forgas-makingpnrposes,  was  etjual,  perhaps, 
to  the  Boghead  cannel  in  Scotland.  He  did  not  know  that  the  quantity 
of  gas  proiluced  was  moi'c  than  Mr.  J.  S.  Simpson's,  but  the  illuminating 
power  was  between  SO  and  40  candles,  and  the  excellence  of  this  cannel  coal 
was  shown  by  the  fact,  that  it  had  a  ready  sale  at  S.'is.  per  ton  at  the  pit. 
For  a  long  time  the  Beams  in  this  district  were  considered  to  be  unsuitable 
for  coke-making,  in  couseiiuence  of  the  high  percentage  of  sulphur ;  but 
since  the  iron  trade  took  root  in  West  Cumberland  and  caused  a  good  local 
demand  for  coke,  it  had  been  found  that  some  of  the  thinner  seams,  not 
previously  worked,  were  purer  in  quality  that  the  others  and  quite  suitable 
for  coking.  Mr.  Sneliis  could  tell  them  that  the  coke  made  from  the 
Little  Main  Coal  did  not  contain  more  than  1  per  cent,  of  sulphur,  and 
that  local  coke  of  this  class  was  becoming  more  and  more  in  request  every 
year.  When  he  was  first  connected  with  the  iron  trade,  twenty  years  ago, 
he  did  not  think  there  were  more  than  twenty  coke  ovens  in  West 
Cumberland,  and  now  there  were  built  or  building  700,  and  the  proba- 
bility was,  that  the  ncmber  would  be  greatly  increased.  He  mentioned 
this  more  as  a  matter  of  information  than  of  gratification  to  their  friends 
in  the  cast,  who,  for  a  long  time,  had  had  undisputed  command  of  the 
coke  market  at  a  high  price. 

Mr.  John  B.  Simpson  said,  Mr.  Kendall,  in  his  paper,  had  raised  some 
important  questions.  The  first  point  he  would  like  to  draw  attention  to 
was,  not  with  respect  to  the  nature  or  identity  of  the  seams,  but  to  the 
similarity  which  existed  between  the  Newcastle  coal-field  and  the  Com- 
berland  coal-field,  in  what  might  be  called  its  strati  graphical  character. 
The  thickness  of  the  coal-measures  in  Cumberland  was  put  down  at  2,078 
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feet,  those  of  Newcastle  were  generally  eatimated  at  about  2,200  feet.  Mr. 
Kendall  stated  the  tliickness  of  the  coal  altogether  was  about  50  feet  of 
workable  coal,  aod  that  did  not  iuclude  the  thin  senms.  In  the  Newcastle 
district  there  was  about  75  feet  of  coal  altogether,  but  this  thickness 
included  the  thin  scam  coal;  he  supposed  about  50  feet  was  the  probable 
thictnesB  of  the  workable  coal.  Another  point  of  interest  was  that  in 
the  first  part  of  the  Newcastle  coal-measures,  viz.,  in  the  first  1,100  feet, 
there  was  a  barren  dietrict  Bimilsr  tu  that  of  the  Whitehaven  Bandatone, 
in  wliich  there  are  no  scams  of  coal  of  workable  thickness ;  the  first  they 
came  to  was  the  High  Main,  at  about  1,100  feet,  and  below  that  for  700 
fe«t,  there  were  the  workable  seams  of  the  Newcastle  district,  and  in 
abont  the  same  zone  occur  the  workable  seams  in  Cumberland.  Then 
below  this  was  400  feet,  making  2,200  feet  to  the  millstone  grit,  which 
was  about  400  feet  thick.  The  Newcastle  millstone  grit  did  not  contain 
any  workable  seams  bf  coal,  nor  did  he  think  that  any  millstone  grit  in 
West  Cumborland  contained  any  workable  seams.  He  asked  Mr,  Kendall 
whether  he  knew  exactly  the  thickness  of  the  millstone  grit ;  as  it  was  not 
stated  in  the  paper.  The  other  point  to  which  he  wished  to  draw  atten- 
tion, and  which  Mr.  Kendall  did  not  go  into,  was  the  duration  of  the  coal- 
field. On  referring  to  the  Report  of  the  Royal  Commission  in  1871,  he  found 
that  the  total  quantity  of  coal  In  the  Whitehaven  coal-held,  taking  the  seams 
above  30  inches  in  thickneBS,  was  250,000,000  tons,  and  under  the  sea, 
taking  8  miles  in  length  by  3  miles  in  breadth,  gave  another  100,000,000, 
making  about  350,000,000  tons  of  coal  altogether.  If  they  assumed  that 
the  output  of  coal  was,  as  Mr.  Fletcher  told  them,  2,000,000  tons  a  year, 
that  would  give  170  years,  and  if  they  deducted  the  13  yeara  passed  since  the 
report  was  made,  there  was  now  only  157  years.  This  seemed  to  be  a 
ahort  period,  but  he  was  glad  to  hear  from  Mr.  Fletcher  and  Mr.  Kendall 
that  there  was  every  probability  of  seams  being  found  under  the  Permian 
formation,  which  probability  he  hoped  would  be  realized.  As  to  the 
carboniferons  limestone  formation  at  Acomb,  near  Hexham,  there  was 
a,  i  feet  i  inch  seam  in  the  upper  part  of  it;  at  Plashetts,  also,  there 
was  another  seam  i  feet  thick,  which  was  still  lower  in  the  formation. 
In  the  north  part  of  Northumberland  there  were  many  seams  in  the 
mountain  limestone.  The  Blenkinsopp  Scam  was  about  3  feet  in  thick- 
ness, and  he  liad  no  doubt  it  was  probably  the  same  age  as  the  Acomb 
Seam,  or  thereabouts.  He  thanked  Mr.  Kendall  for  the  able  paper  which 
he  had  prepared. 

Mr.   Feilb    said,   they  were  all  much  indebted   to   Mr.   Kendall 
for  tu8  excellent    paper,      He   had   taken   great   pains    in   collecting 
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his  information,  and  had  prepared  it   in   a   manner   nseful    to   refer 
to,    Mr,  Kendall  stated  that  the  dip  of  the  Workinfjton  coal  wa«  to  the 
north;  the  dip  was  to  the  west.     A  series  of  upcaat  faults  thinned  off 
the  coal-measures  to  the  south.     The  dip  was  about  9  incbes  to  the  yard.  I 
Mr.  Fletcher  had  spoken  of  the  iBabella  Pit  being  sunk  and  the  drift .! 
having  been  driren  about  600  yards.     He  (Mr.  Peile)  thought  the  Main  J 
Band  Seam  was  found  to  be  4  inches  at  the  nip  in  the  pit,  but  aft^r  J 
driving  a  di'ift  about  100  yards,  the  Main  Band  Seam  was  then  fonnd  ia  ] 
its  nsual  thickneBa.     Mr.  Pletclier  spoke  of  the  Ten-quarter  Seam  bein^  I 
a  good  thickness  at  Clifton  Colliery  for  a  small  area,  and  he  (Mr.  Peile)  I 
thought  it  was  a  well-developed  seam  of  C  feet  in  thickness  at  Crosby  I 
Colliery,  extending  over  a  hirge  area  and  adjoining  the  fault  referred  to  in  I 
that  district.     Looking  at  the  unworked  seams  of  coal  1)efore  them,  the  , 
seams  below  the  cannel,  and  Metal  Band  or  Main  Band  Seam,  were  what 
they  had  to  look  to  in  the  future,  and  the  most  important  one  was  the  Six- 
quarter,  which  was  known  by  different  names,  the  Lickhank,  Hamilton, 
and  the  Yard  in  some  places.    Where  this  scam  was  found  to  be  thin,  it 
was  the  upper  part  of  the  seam  only,  and  it  seemed  to  lie  general  all   ] 
throughout  the  district,  and  where  it  was  thicker,  it  was  a  lower   coal  j 
which  was  absent  at  other  places.    He  endorsed  what  Mr.  Fletcher  bad  1 
said  as  to  the  quality  of  this  seam;  it  was  the  best  in  the  district. 

The  Peebideiti'  asked  whether  there  was  not  a  seam  proved  at  I 
Workington  below  the  Hamiitou  Band  ? 

Mr.  Peile — There  is  the  seam  known  as  the  Virgin  Seam  which  ia  ] 
the  Fonr-feet  Seam,  and  which  corresponds  with  the  coal  found  at  the  J 
Conntess  Pit  and  elsewhere,  and  lower  down  there  should  be  the  Udale  f 


The  President — Is  the  Udale  Band  the  lowest  proved  seam  ? 

Mr.  Peile — Yes ;  so  as  far  as  Workington  and  Harrington  Collieries  I 
were  concerned. 

Mr.  FhETOHEtt  said,  Mr.  Peile  was  correct  as  to  the  distance  driven  in  ] 
the  Isabella  Pit.  He  thought  Mr.  Peile  was  wrong  as  to  the  dip  and  riso  ] 
at  the  Isabella  Pit ;  he  (Mr.  Fletcher)  thought  the  rise  was  to  the  sonth- 


The  Peesident  said,  he  thought  the  dip  was  into  the  sea. 
'  Mr.  T.  P.  Maiitis  said,  he  endorsed  all  that  Mr.  Fletcher  hod  said 
respecting  the  value  of  Mr.  Kendall's  paper.and  pejEonally  he  felt  very  tnooh 
indebted  to  Mr.  Kendall  for  having  gathered  together  so  mnch  useful  in- 
formation and  having  put  it  into  such  a  dear  and  intelligible  form.  Taking 
the  Pumian  strata  us  being  the  most  recent  formation  connected  with  the 
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ooal-field,  and  tho  existence  of  coal  unJur  which  was  a  queetiou  likely  to 
be  of  serious  importance  in  the  future,  ho  would  like  to  ask  one  or  two 
questions  respecting  it.  He  wished  to  know  whether  any  further  jiarticalars 
could  be  got  respecting  the  borehole  at  bb.  Bees.  As  to  tlic  rcBpective 
thicknesses  of  the  St.  Bees  and  the  Whitehaveu  saudstoaes— the  dt.-pth 
between  the  two  sandstones — whether  any  gypseous  shales  had  been  found 
between  them,  and  also  the  depth  from  the  base  of  the  Whiteharen  suud- 
atone  to,  say,  the  Main  Band  Coal  ?  These  particulars  would  give  soioQ 
idea  of  the  amount  of  uuconformity  of  the  two  saudstoDeB  to  thtmstlves, 
and  also  to  the  underlying  coal-measures  between  the  point  where  the 
latter  disappear  under  the  former,  and  where  they  have  hcen  proved  by 
the  borehole,  Mr,  Kendall  said  that  tho  Allerby  borehole  proved  53 
fethoms  1  foot  6  inches  of  Permian  and  Whitehaven  aandatones.  He 
would  like  to  know  how  much  of  this  was  Permian  and  how  much  of 
Whitehaven  sandstone.  Did  Ihe  borehole  prove  the  full  thickness  of  the 
Permian  and  Whitehaven  sandstones,  or  did  it  pass  into  the  upcast  Bide 
of  the  feult  before  proving  the  full  thickness?  An  attempt  had  been 
made  in  the  Bullgill  Pit  to  set  through  the  fault  and  bore  down,  but,  so 
far  as  he  was  aware,  without  snccess.  Mr,  Kendall  mentions  that  at 
Ellenborough  Colliery  the  fault  was  drifted  into  for  21  feet  from  the 
Ten-quarter  Seam,  at  a  depth  of  120  fathoms,  proving  grey  and  brown 
sandstone,  and  which  he  thinks  was  probably  Whileliaven  sandstone;  but 
which  Mr.  Steele — who  was  manager  of  the  colliery  at  that  time — infonned 
hiiD  (Mr.  Martin)  was  certainly  St.  Bees  sandstone.  At  the  Aspalria 
No.  3  Pit,  an  attempt  had  also  been  made  to  prove  the  throw  of  the  fanlt 
from  the  Yard  Band,  but,  he  believed,  without  any  satisfactory  result. 
In  his  opinion  the  displacement  of  the  strata  did  nob  exist  as  one  large 
fault,  but  as  a  scries  of  faults,  and  to  prove  the  full  "throw"  by  drifting 
from  the  np-euat  side,  it  would  he  necessary  to  go  a  considerable  distance 
beyond  the  line  where  the  fault  was  first  met,  Particuhirs  had  come 
under  his  notice  of  a  borehole  which  had  been  put  down  at  Carlisle, 

I  ytfxriag  the  St.  Bees  sandstone  at  45  feet  from  the  surtace,  and  afterwards 
big  550  feet  into  the  sandstone.    Tho  stone  was  said  to  be  hard  and 

FtfloK,  with  very  little  water.  The  Kelsick  Moss  borehole  proved  sand 
and  gravel,  92  feet;  clay,  106  feet;  gypseous  shales,  700  feet;  and  below 
this  the  St.  Bees  stone,  At  Bowness-oo-Solway  a  borehole  had  also  bten 
put  down,  proving  drift,  41  feet;  gypseous  shales,  367  feet;  and  below, 
the  St.  Bees  sandstone.  It  would  appear  from  these  particulars  that 
there  was  a  thinning  of  the  upper  Pemiians  in  ihe  direction  of  Carlisle, 
or  that  ut  any  rate  the  enormous  thickness  of  surface  drift  was  reduced 
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and  the  gypseous  shales  wanting  altogether.  Of  course,  if,  as  it  is 
BuppoKed,  the  Kelaick  Moss  hole  is  ujmn  the  line  of  a  fault,  that  may 
account  for  the  abnormal  thickness  of  drift  and  gypeeous  shales  at  that 
point.  Tlie  i-clationships  of  the  Canobie  coal-field  to  this  one  was  also  an 
interesting  question.  Mr.  Kendall  mentioned  it  as  being  in  the  lower 
carboniferous  rocks,  and  in  this  he  appeared  to  be  correct.  From  a 
quotation  in  Hull's  "Coal-fields  of  Great  Britain,"  Professor  Geikie — he 
believed  it  was— in  his  report  to  the  Coal  Commission,  supposes  it  "to  be 
in  the  lower  carboniferous  measures,  and  to  rest  on  the  old  red  sandstone. 
'The  general  dip,"  he  says,  "is  southwards,  and  it  eeems  not  improbable 
that  the  coal  strata  are  but  the  northern  outcrop  of  a  more  extonsive  tract 
which  lies  concealed  beneath  newer  formations  towards  the  head  of  the 
Solway  Firth."  It  seemed  reasonable  to  suppose  that  the  whole  of  the 
low  country  on  the  Solway  Firth  was  a  large  coal  basin,  bounded  by 
the  red  stone  fault  to  the  south,  and  the  Scotch  hills  on  the  north.  He 
understood  that  what  appeared  to  be  the  outcrop  of  the  lower  coal 
measures  had  actually  been  proved  on  the  other  side  of  the  Solway,  as  if 
forced  up  by  the  Scotch  bills.  Several  holes  had  also  been  put  down  near 
Dumfries,  one  proving  8  inches  of  coal  at  20  fathoms,  and  another  bored 
65  fathoms  proving  "very  little  red  stone."  He  should  like  to  ask  Mr, 
Kendall  whether  he  knew  anything  of  a  "basalt  dyke"  which  was  said  to 
run  "  from  Dumfries  to  Kirkbride,  to  the  north  of  Wigton,  and  on  to 
Armathwatte  and  Alston  Moor"?  Turning  to  the  Whitehaven  sandstone, 
he  was  inclined  to  ask  the  question — What  is  it  ?  His  own  idea  bad 
always  been  that  the  term  referred  to  a  massive  purple  grey  sandstone, 
more  or  less  homogeneons,  but  varying  somewhat  in  thickness,  and  of 
peculiar  texture  and  colour.  Professor  Hull  also  seemed  to  adopt  that 
meaning,  for  he  describes  it  as  "a  massive  reddish  sandstone,  100  to  150 
feet  thick."  The  late  Mr.  Isaac  Fletcher,  too,  he  believed,  held  this  view, 
and  in  his  "Arcbceology  of  the  West  Cumberland  Coal  Trade,"  he  speaka 
of  it  as  a  "purple  sandstone,  named  by  the  officers  of  the  Geoli^ical 
Survey  the  '  Whitehaven  sandstone,'  a  full  section  of  which  is  visible 
from  the  railway,  a  little  to  the  north  of  William  Pit."  He  also  speaks 
of  the  Senhouse  High  Band  being  ubo\e  it,  not  in  iV,  as  Mr.  Kendall 
states.  In  his  (Mr.  Martin's)  opinion,  this  massive  post  of  sandstone 
forms  the  base  of  what  may  properly  be  called  the  IMiitehaven  sandstone 
aeries,  and  the  existence  below  it  of  brown  sandstones  and  shales — differing 
from  it  in  every  respect  except  the  colour — does  not  prove  that  they  belong 
lo  that  section.  It  was  also  very  remarkable  with  what  regularity  this 
massive  post  of  sandstone  existed  throughout  the  district,  where  not 
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denuded.  At  Flimby  Wood  Pit,  7  fathoms  below  the  Seahouee  High 
Band,  17  fathoms  1  foot  of  what  is  called  red  post  wag  passed  through. 
At  Ellenborough,  6  fathoms  i  feet  3  iuches  below  the  SenhouBe  High 
Baad,  11  fathoms  of  what  is  called  brown  post  was  proved.  At  Croft  Pit 
(Whitehaven)  the  thickness  appeared  to  be  14j  fathoms;  at  Rosegill 
Pit  (Crosby),  15  fathoms;  at  Aspatria  No.  3  Pit,  7  fathoms;  and  at 
Uealsgate  and  Bolton  the  same  massive  post  esists.  In  the  thin  beds  of 
brown  stone  and  ehales  found  below  this  post  of  sandstone — and  which 
Mr,  Kendall  assumed  were  part  of  the  same  series,  there  was  no  such 
regularity.  They  varied  considerably  in  thickness  in  short  distances,  but 
seemed  to  approach  nearer  the  lower  coal  seams,  where  the  measures  ruso 
to  the  surface,  or  in  the  neighbourhood  of  faults.  Then,  as  to  the 
nnconformity  of  this  sandstone  to  the  true  coal-measures,  he  still  main* 
tained  that  it  had  nat  been  clearly  proved,  and  since  tlie  meaning  of  the 
term  "  Whitehaven  Bandstoiie,"  as  adopted  by  Mr.  Kendall,  appeared  so 
vague,  he  thought  the  case  still  more  pei-j)leiing  and  doubtful.  Of  course 
it  must  be  remembered  that  this  phase  of  its  character  was  introduced 
when  it  was  supposed  to  be  the  local  representative  of  the  Permian  sand- 
stone. Theories  were  then  started  to  prove  this,  and  he  need  scarcely  say 
that  it  was  so  proved,  at  least  to  the  satisfaction  of  the  originators  of  those 
theories.  It  had  since  been  proved  beyond  doubt  to  be  part  of  the 
coal -measures.  Some  of  the  theories  npoo  which  its  unconformity  had 
been  based  were  proved  to  be  unBatisfactory,  and  he,  for  one,  was  inclined 
to  doubt— in  part,  at  least,  it  would  appear — its  very  existence.  Again, 
what  were  they  to  understand  by  the  temi  "unconformity?"  In  strata 
there  was  always  more  or  less  variation  in  the  thickness  of  rocks  and  their 
relative  depths.  Many  massive  and  well-defined  beds  of  sandstone  found 
to  eitend  over  hundreds  of  acres  in  one  part  of  the  district,  were  altogether 
wanting  in  another.  He  might  mention  the  post  of  white  freestone, 
10  fathoms  to  11  fathoms  thick,  lying  above  the  Main  Band  Seam  at 
Workington,  which  was  not  found  above  that  seam  in  the  new  St.  Heloii's 
sinking,  about  half-a-mile  to  the  north-cast.  No  doubt  this  saudstona 
might  be  said  to  be  unconformable,  but  it  was  not  really  so  as  that  term 
is  generally  understood.  Mr.  Kendall  had  also  attempted  to  prove  its 
nnconformity  by  showing  that  it  nipped  off  the  upper  coal-seams  in  the 
direction  of  Mealsgate  and  Bolton;  but  this  theory,  though  ingenious  and 
clever,  was  not  supported  by  facts.  Taking  Mr.  Kendall's  deGnition  of 
the  Whitehaven  sandstone  as  being  correct,  and  allowing  all  red  or  brown 
sandstones  and  shales  to  be  reckoned  as  belonging  to  thnt  series,  he  found, 
from  journals  in  his  possession,  that  not  only  was  the  theory  incorrectf 
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but  that  in  several  JDEtances  there  was  bh  actna]  IhinniDg  of  the  red  or 
brown  lueaEiircE  to  the  cost.  In  tlic  Aspatria  No.  3  air-shaft  the  laet 
mention  of  brown  strata  is  66  fathoms  above  the  Yard  Band;  the  brown 
post,  7  fiithoms  thiuk,  being  73  fathoms  8  feet  G  inches  aljove  that  Eeani. 
At  the  AJlhallowfl  Colliery — about  3  mileB  east  from  Aspatria  No.  3  Pit, 
and  500  or  GOO  yards  north  of  Bolton  No.  2  Pit— and  which  he  believed 
to  be  sunk  on  the  ontcrop  of  the  Whitehaven  sandstone  proper,  red  and 
brown  sandstone  and  shales  were  fonnd  in  the  first  25  fathoms,  but  no 
maSBive  post  of  brown  stone.  This  showed  the  red  or  brown  measnrcs 
to  be  80  fiithoms  above  the  seam  supposed  to  be  the  Yard  Band.  Of 
coui-se,  he  admitted  that  at  39  fathoms  there  were  3  fathoms  or  4  fathoms 
of  grcj  freestone,  with  fine  red  metal  partings,  almost  like  red  ironstone 
bands;  but  the  joints  were  very  open  and  a  large  feed  of  water  running, 
BO  that  very  probably  the  partings  had  been  dyed.  At  tlie  Bolton 
Company's  No.  7  borehole,  three-quarters  of  a  mile  further  east  from 
Allhalloffs  Pit,  with  the  exception  uf  S  feet  of  red  clay  about  13  fathoma 
from  the  surface,  there  was  no  red  or  brown  measures,  and  the  Yard 
Band  was  proved  at  70  fiithoms.  At  Bolton  Low  Houses,  3  or  4 
milea  east  from  Allhallows  Colliery,  the  Main  or  Yard  Band  is  still 
found  in  many  places  at  a  comparatively  sballow  depth;  but  had  Mr. 
Kendall's  theory  been  correct  tins  seam  too  must  have  disappeared. 
Turning  now  to  the  Bolton  No.  2  Pit,  on  the  sinking  section  of  which 
Mr.  Kendall  had,  in  a  great  measure,  unfortunately,  based  his  theory,  they 
found  that  brown  stones,  etc.,  were  found  at  1 1  fathoms  above  the  Yard 
Band,  but,  looking  at  the  section  of  the  No.  1  Pit,  sunk  over  300  yards  to 
the  east  of  the  former,  but  in  the  same  streak  of  coal,  and  without  a  faulG 
of  any  kind  between,  he  (Mr.  Martin)  found  that  the  brown  measures 
were  13|  fathoms  above  the  coal.  But  sup))ogiug  that  all  these  facta 
could  be  set  aside,  did  it  not  aecm  remarkable  that  in  the  place  of  the 
seams  nipped  off,  other  seams,  identical  in  almost  every  particular,  should 
take  their  places  and  maintain  the  same  relationship  to  the  lower  seams? 
Tbe  thickening  of  the  Whitehaven  sandstone  to  the  north  is  also  eqnaUy 
onfounded,  as  can  be  proved  by  taking  the  Bolton  No.  2  Pit  section  and 
tbe  Allhaltows  section,  or  the  section  of  the  No.  2  Pit  and  that  of  the  No. 
7  borehole.  In  both  cases  a  thinning  rather  than  a  tliickening  is  shown. 
Mr.  Kendall  mentioned  that  the  Whitehaven  sandstone  had  been  proved 
at  Bolton  to  be  778  feet  thick,  and  he  (Mr,  Martin)  would  tike  to  know 
where  and  how  it  had  been  so  proved.  Was  it  by  sinking  or  boring? 
Because  if  the  latter,  it  must  be  received  with  suspicion,  as  he 
that  the  red  water  from  the  sides  of  a  borehole,  in  the  ordinary  system 
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boring,  freqaently  dyed  tlie  boriuga  before  they  were  got  out.  Turning 
next  to  the  Beams  of  coal,  the  first  met  with  waa  the  Senhonse  High 
Band,  and  it  waa  a  well-known  fact  that  whenever  it  had  been  proved 
there  existed  below  it  a  masBlvc  pust  of  Whitehaven  sandstone  from  10  to 
17  fathoms  thick.  Mr.  Kendall  aapposed  that  the  Crow  Band  of  Bolton 
was  the  same  seam;  but  in  this  he  (Mr.  Martin)  thought  he  waa  clearly 
wrong.  His  own  opinion  was  that  it  waa  below  the  Whiteha\-en  sand- 
atone,  and  taking  the  dllhallows  sinking,  and  granting  that  the  seam 
worked  there  was  the  Yard  Band,  and  that  the  Thirty-inch  Scam  is  the 
Crow  Coal  above  the  Main  Band,  the  Master  Band  is  found  20  fathoma 
higher,  in  the  position  of  the  Ten-quarter  Seam — probably  it  is  that  aeam : 
141  fathoms  above,  ia  the  Crow  Band,  which  may  be  the  Slaty  Band, 
und  6  fathoms  higher  still  is  a  seam  which  may  be  the  White  Metal  Seam, 
Above  these  again  there  are  other  small  Beams  corresponding  probably 
with  the  Brassy  Band,  and  the  other  small  upper  seams  of  the  west.  The 
neit  of  importance  ia  the  White  Metal  Seam,  which,  seeing  that  in  some 
parts  of  the  district  there  are  (rther  spht-np  seams  within  its  rango  above 
the  Ten-quarter,  is  sometimes  difficult  to  identify.  Generally,  however, 
there  is,  abuut  a  fathom  below  this  seam,  a  small  seam  of  about  1  foot 
thick,  commonly  known  as  the  Little  Coal.  The  White  Metal  Seam  cor- 
responded, he  thought,  with  the  Cannel  Band  of  Hope  Pit,  Workington, 
20  fathoms  above  the  Moor  Banks  or  Ten-quarter;  the  Metal  Band,  12 
fathoma  above  that  seum,  probably  being  the  Slaty  Band.  The  Ten- 
quarter  Seam,  though  variable  in  qujility,  thickness,  and  niunber  of 
metala,  is  almost  universal  over  the  diati-ict,  and  had  generally  been  con- 
sidered the  aeam  nest  in  importance  to  the  Main  Band.  He  agreed  with 
Atr.  Kendall  in  the  correlation  of  the  Five-feet  Coal  of  Cleator  Moor  with 
the  Ten-quarter,  and  also  of  the  Bannock  Band  of  that  diatrict  with  the 
Battler  Band  of  the  districts  further  north.  Between  I  and  2  fathoms 
above  the  Main  Seam  waa  found  what  was  called  the  Crow  Coal,  and 
except  where  the  Main  Band  roof  was  freestone,  this  coal  waa  pretty 
regular,  though  usually  of  inferior  quality  and  unworkable.  This  coal 
Mr.  Kendall  supposed  to  be  the  Thirty-inch  of  the  Bolton  district,  and 
snppoaing  what  was  called  the  Main  Band  there  was  the  Yard  Baud  of 
the  west;  this  probably  waa  so.  As  regards  the  Main  Band  there  was,  he 
thought,  so  fai'  as  the  western  portion  of  the  diatrict  waa  concerned,  little 
room  for  doubt.  It  varied  considerably  in  section,  but  generally  the 
character  of  the  coal  was  well  maintained.  There  was  a  very  remarkable 
change  going  eastwards,  and  at  Bullgill  the  aeam  appeared  to  be  very 
much  split  up,  but  aeeraed  to  be  traceable  in  what  are  called  the  Metal 
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and  CannGl  BaodB  of  that  colliery.     Further  east  at  Aepatria  Colliery 

there  was  a  very  marked  thickening  of  strata  between  the  Yard  Band 
and  the  Thirty-inch,  the  distance  between  the  aeams  being  over  30  fathoms, 
and  the  supposed  remains  of  the  Main  Band  are  not  so  clear.  He  thought 
it  would  have  been  interesting  and  instructive  had  they  had  before  them 
sections  of  the  Yard  Band  at  Bullgill  and  Aspatria  to  show  the  thickening 
of  the  scam  to  the  east.  Mr,  Kendall  said  the  Mealsgate  Scam  was 
certainly  not  the  Main  Band  of  the  west,  but  it  must  be  remembered  that 
it  had  many  features  in  commou  with  that  seam-  It  was  almust  similar 
in  section  to  the  Main  Band  on  Greysouthen  Moor,  and  also,  he  lielieved, 
at  Oatlands;  its  coal  was  of  similar  character  and  quality;  it  had  not 
been  proved  in  anything  like  an  unbroken  lino,  and,  so  far  as  lie  waa 
aware,  there  was  no  appreciable  change  going  eastwards  cither  at  Bullgill 
or  Aspatria.  They  must  also  rememljer  that  the  teiTU  "Yard  Band"  was 
an  importation  into  the  Bolton  district,  and  had  been  pitchforked  over 
first  one  large  barrier  and  tract  of  unproved  ground  and  then  anotlier 
until  it  had  arrived  at  Mcalsgate.  He  did  not  say  it  was  not  the  Yard 
Band — he  might  have  the  impression  that  it  was — hut  he  thought  it  had 
not  been  clearly  proved,  and  he  would  like  very  much  to  see  thai  done. 
As  regards  the  Little  Main  Scam  he  also  thought  timt  the  section  given 
by  Mr,  Kendall  was  somewhat  misleading,  but  he  agreed  generally  with 
what  was  stated  in  the  paper  respecting  this  seam.  The  Six-quarter 
Seam,  to  which  Mr.  Peile  had  given  such  an  excellent  character,  was  a 
seam  which  varied  considerably  both  in  thickness  and  quaUty.  There 
was  no  regular  thickening  of  the  seam  in  any  direction,  as  Mr,  Kendall 
supposed,  and  so  far  as  the  district  to  the  north  of  'fl'hiteliaven  was  con- 
cerned, and  with  which  he  (Mr.  Martin)  was  more  intimately  acquainted, 
the  general  thickening  seemed  more  in  an  easterly  than  a  westerly 
direction.  As  Mr.  Fletcher  had  stated  the  thickness  of  the  seam  at 
Melgramfitz  was  5  feet  7  inches  and  not  2  feet  II  inches  as  Mr.  Kendall 
stated,  and  all  over  the  Greysouthen  district  the  seam  had  been  proved  to 
be  of  good  tbicknessj  but  at  Camerton  Colliery,  to  the  west,  only  the  top 
coal  is  found,  l)eing  about  2  feet  thick.  At  Jane  Fit,  Workington,  it  was 
6  feet  U  inches,  having  4  feet  lu^  inches  of  clean  coal;  to  the  east  of 
this  pit  it  was  worked  free  from  Ijands  of  dirt,  and  about  4  feet  thick,  and 
a  borehole  was  put  down  from  the  Union  Pit  workings  to  the  west  of 
Jane  Pit,  which  proved  it  only  1  foot  6  inches  thick.  In  the  Annie  Pit, 
close  to  the  Jane,  but  separated  from  it  by  a  SO  fathom  fault,  it  was  also 
found  of  good  thickness.  To  the  north  of  that  pit  a  section  was  taken  aa 
follows; — Top  coal,  a  feet  1  inch;  metal,  1  foot  10  indies;  bottom  coal, 
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2  feet  1  inch;  makiDga  total  working  of  G  feet.  To  the  south  of  the  pit, 
however,  the  section  of  the  seam  was  as  followe : — Top  coal,  2  feet  '2  inches; 
metal,  1  foot  3  inches;  coal,  1}  inches;  or  a  total  of  3  feet  6J  inches. 
The  depth  from  the  position  of  the  Muin  Bund  at  Jane  Pit  to  the  Hamil- 
ton or  Six-quarter  is  60  fathoms,  though  nsuallj  it  ts  only  about  40 
fathoms  in  other  parts  of  the  district.  This  thickisning  of  strata  between 
the  two  Ecams,  taken  in  conjunction  with  a  thinning  of  the  strata  Imtween 
the  Hamilton  and  the  seam  proved  at  Hope  Pit,  which  is  supposed  to  be 
the  Four-feet,  had  led  some  to  doubt  whether  the  Hamilton  Bond  was 
really  the  true  Six-quarter  after  all.  The  Four-feet  Seam  had  been 
proved  over  a  fault  in  Hope  Pit,  Worldngton,  to  be  24  fathoms  below 
the  Hamilton,  3  feet  thick.  The  Virgin  Scam,  or  what  he  (Mr.  Martin) 
believed  to  be  the  Udale  Saim,  had  also  been  proved  at  Jane  Pit,  Work- 
ington, about  5<>  fathoms  below  the  Hamilton,  and  nearly  6  feet  thick. 
Mention  had  been  made  of  the  Isabella  Pit  nip,  and  It  certainly  waa 
interesting,  because,  unlike  most  other  nips  that  had  come  imder  his 
notice,  the  seam  regained  its  normal  thickness  by  a  succession  of  steps,  as 
though  the  seam  had  been  washed  out  by  a  running  stream  of  water  which 
had  sabsided  somewhat  auddeniy  at  different  periods.  The  Isabella  Pit 
was  8unk  to  the  position  of  the  Main  Band  at  128  fathoms,  but  the  seam 
itself  was  entirely  nipped  of.  The  pit  was  sunk  to  a  total  depth  of  ISlJ 
fathoms,  and  a  borehole  put  down  4  fathoms  2  feet  5  inches  further  to 
what  is  called  the  Fiery  Oannel,  which  satisfied  Mr.  Curweu  and  his 
engineers  that  the  seam  was  nipped  off.  A  drift  was  started  away  under 
the  roof  stone  to  the  south-west  till  it  cut  the  18  fathom  up-throw  fault.  It 
was  then  tinned  to  the  noi-th-wcst  and  cut  the  Main  Band  at  about  300 
yards  to  the  dip,  at  that  point  only  1  foot  4  inches  thick.  Ends  were 
then  driven  water  level,  and  after  passing  through  several  op-throw  faults 
the  seam  was  found  its  full  height.  The  total  width  of  this  nip  had  not 
yet  been  proved,  though  the  Main  Band  Seain,  as  had  been  proved  by 
borings  fmm  the  Moorbank's  workings  of  John  Pit,  was  found  to  be 
wanting  for  s-^veral  hundred  yards  to  the  north.  The  new  winning  of  the 
at,  Helen's  Company  to  the  north  of  Workington  would,  no  doubt,  prove 
the  width  of  the  nip  in  that  direction.  The  general  dip  of  the  Working- 
ton Colliery  was  north  14  west,  and  the  average  dip  and  rise  1  in  (J. 

Mr.  T.  J,  Bewick  said,  that  being  unacquainted  with  the  West 
Cumberland  coal-field,  he  did  not  propose  to  say  anything  thereon,  but 
with  respect  to  coal  being  worked  in  the  mountain  limestone  formation. 
Members  of  the  Institute  would  recollect  that  there  had  been  one  or  two 
papers  written  and  published  in  the  Transactions  on  tlie  mountain  lime- 
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Btone  «ial.     North  of  the  Rirer  Tjne,  it  waa  worked  ab  BlenkioBopp 

of  considerable  thickaeES;  at  UultwhisUc,  and  at  FutirstoDes,  where  Sir. 
Bcuaon  worked  it  extensively.  It  was  worked  at  Acomb,  uear  QeihiuQ, 
and  northwards  near  Rothbury,  and  in  the  opposite  direction,  at  several 
placea  in  Allendale,  and  at  Hawes  in  Yurkshire.  This  covered  a  great 
extent  of  district,  and  there  was  no  doubt  of  its  being  the  same  seam  over 
the  whole  area.  As  to  coal  occurriog  in  the  miliatooe  grit,  there  wu 
only  one  instance  he  knew  of,  and  that  was  at  Tauhill,  Bouth-c^t  of  Kirkbj 
Stephen.  This  is  near  the  summit  of  the  mountain  range  at  the  head  of 
Swaledale,  where  there  are  two  pits,  called  the  William  Pit  and  the  King 
Pit,  and  the  coal  ia  carried  down  the  dales  for  the  use  of  Che  people, 
and  for  smelting  ore  into  load.  Tliis  is  the  only  instance  known  to  him 
of  coal  being  worked  in  the  millstone  grit. 

The  PfiESiDEST  asked  if  in  the  instance  mentioned  by  Mr.  Bewick 
the  coal  was  absolutely  proved  to  be  in  the  millstone  grit? 

Mr.  Bewick — Yes;  ho  believed  it  to  be  so;  it  is  above  the  limestone 
formation,  the  coal-meaaores  arc  not  known  to  exist  there,  and  he  had 
always  understood  it  to  be  in  the  millstone  grit.  He  did  not  know  the 
thickneaa  of  the  seam,  but  it  was  worked  pretty  extensively  for  land- 
sale.  At  page  351  Mr.  Kendall  staled  that  "  It  is  no  uncommon  thing  U) 
find  a  dislocation  of  40or50fathomsdjingoutaltogether  withina  quarter 
of  a  mile."  He  asked  Mr.  Kendall,  and  other  gentlemen  present,  if  this 
was  a  well-proved  or  well-known  fact,  It  seemed  to  be  so  incredible 
that  a  fault  of  40  or  50  fathoms  should  die  out  within  a  quarter  of  a  mile 
that  he  could  scarcely  believe  it.  At  least,  in  bis  own  experience  he  had 
not  found  it  so. 

Mr.  Vivian  said  he  might  inform  Mr.  Martin  that  a  little  gypsum 
waa  found  in  the  sandstone  at  St.  Bees,  and  the  Wlittehavcn  sandstone 
was  proved  at  Kelsick  Moss  down  to  l,0iO  feet. 

Mr.  C.  J.  Groudacb,  in  reply  to  Mr.  Bewick,  said  he  could  eay  from 
his  experience  that  in  one  colliery  in  the  district  a  fault  of  42  yorda  ran 
out  entirely  in  a  distance  of  half  a  mile. 

Mr.  Fletcher  said,  he  could  mention  a  case  still  more  in  point.  At 
Melgramfitz  Pit,  the  coal-field  was  bounded  by  an  up-throw  fault,  which, 
in  the  volley  of  the  Derwent,  could  not  be  less  than  2u0  to  250  fathome. 
A  mile  to  the  sonth  the  fault  had  been  set-tbrongh,  and  absolutely  proved 
to  be  no  more  than  40  fathoms,  so  that  from  1€0  to  200  fathoms  wu 
lun  off  in  the  course  of  a  mile.  There  was,  of  course,  only  one  explonar 
tion  for  it;  on  one  side  the  strata  dipped  to  the  north  and  on  the  other 
Bide  to  the  south. 
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Mr.  Josh  Daqlish  eaid,  he  had  met  instaocea  of  this.  There  was  a 
i&iilt  in  the  Harton  Pit  running  out  ([iiicker  than  this.  There  was 
s  fault  in  the  Silkaworth  Pit,  about  40  fathoms,  which  ran  out  in  about 
talf  a  raile.  In  these  cases,  the  strata  on  one  side  generiilly  rose  and  the 
other  dipped,  and  they  thus  got  a  large  throw  in  a  short  distance. 

Mr.  David  Bimsa  said,  he  would  ask  Mr,  Kendall  where  he  placed  the 
limit  of  the  millstone  grit  under  the  coal-measures,  and  whether  there  was 
«ny  evidence  that  the  coal-measures  were  lying  conformably  on  the  mill- 
atone  grit  ?  It  seemed  around  the  district  of  the  lakes,  in  cvevj  geological 
period,  there  had  been  a  great  deal  of  commotion  and  change  of  circum- 
•tanoea,  so  tiiat  no  lied  seemed  to  be  constant  in  character  or  thickness  to 
gny  considerable  distance.  Mr,  Kendall  need  not  think  less  of  them, 
tiierefore,  if  they  criticised  his  correlations  of  these  beds  very  much,  nor 
need  they  think  less  of  Mr,  Kendall  if  he  found  it  necessary  in  the  future 
to  alter  them.  Looking  at  the  section  of  the  lower  portion  of  the  Cum- 
berland ooal-measures,  so  far  as  he  was  acquainted  with  it,  he  would  say, 
from  a  pretty  intimate  acquaintance  with  the  millstone  grit  of  the  Kcw- 
caatle  coal-field,  that  the  Yard  Seam  of  this  coal-field  was  about  the  same 
thicknesa  as  the  Brockwell  of  Newcastle,  As  to  the  presence  of  coal  in 
the  millstone  grit,  he  might  say  he  had  seen  coal  under  each  of  the  three 
beds  of  the  millstone  grit  of  the  Newcastle  coal-field,  varying  from  three 

lighteen  inches  in  different  parts;  but  they  were  very  inconstant. 

Mr.  RoBEBT  Wilson  said,  that  at  his  colliery,  Broughton  Moor 
(Bertha  No.  2  Pit),  ho  thought  it  waa  not  the  proper  Six-quarter  Seam 
which  was  opened,  but  probably  the  seam  below,  which  was  not  a  good 
Coal.  Where  they  eipected  the  Six-quarter  they  got  only  one  inch  of  coal 
And  a  sill.  They  had  sunk  and  bored  lower  still.  As  to  the  large  barren 
tract  in  the  centre  of  the  district,  they  worked  to  the  socth  aide  oF  their 
Kobin  Hood  Pit  on  Mr.  Curwen's  land,  in  Flimby,  till  the  coal  waa 
irashed  off  apparently;  it  was  not  just  a  nip  in  strata  doing  away  with  it. 
At  one  part  it  seemed  in  steps;  and  when  it  got  on  to  the  cannel,  which 
harder,  it  ran  a  long  way.  In  one  place  there  were  two  cannels,  one 
lifted  on  the  top  of  the  other,  and  this  waa  conchtsive  proof  that  it  was 
tJic  action  of  water.    The  roof  in  all  places  where  the  wash  off  occurred 

I  white  freestone. 

Mr.  Kendall  replied  on  the  diacoBsion.     He  said  he  was  very  much 

pleased  that  there  had  been  such  a  large  amount  of  deslriiflive  criticism, 

for  it  showed  at  least  that  considerable  interest  had  been  taken  by  some 

of  the  memliers  in  the  paper.     But  he  would  have  liked  to  see  a  httle 

lore  c(»w(r«c/»r«  criticism.     He  thought  he  would  i>e  able  to  prove  the 
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erroneous  nntore  of  tlie  more  important  criticisms  and  maintain  the  con- 
cluaioiiB  at  which  bo  had  arrii"ed  in  the  paper.  Mr.  Fletcher  was  right 
iB  to  the  section  of  the  Little  Main  Seam  at  Aspatria,  Instead  of  being 
u  in  the  jonmai,  p.  337  of  the  paper,  it  should  be  as  beli>w  : — 


He  did  not,  howover,  thiuk  that  anyone  would  be  misled  bj  this.  If  so, 
he  might  warn  them  that  there  are  other  places  in  the  paper  where  only 
the  full  thickness  of  scams  are  given,  the  word  coal  in  the  joumsla 
Htauding  only  for  coal-seam,  except  where  a  section  was  given  dewly. 
Mr.  Fletcher  was  also  right  as  to  the  tfaiekuese  and  tho  section  of  the 
Lickbank  at  ilclgrim^tz.  The  remaiuing  and  more  important  criticiama 
of  Mr.  FletL'her  he  considered  to  be  altogelher  wrong.  If  Mr.  I'letcheT 
would  look  at  the  paper  again  in  connection  with  his  remarks  aa  to  the 
Thirty-inch  Seam  and  the  Crow  Coal,  he  would  find  that  he  had  quite 
misunderstood  the  paper. 

Mr.  Croudac£ — Asked  what  depth  was  shown  in  Mr,  Kendall's  section 
between  the  Yard  Band  of  Aspatria  and  the  Thirty-inch? 
Mr.  KjUiDALL — About  35  fathoms  at  Aspntrin,  Ko.  3  Pit. 
Mr,  Ceoudace — It  is  really  about  IGO  feet.     It  has  been  proved  at 
Brayton,  No.  2  Pit. 

Mr.  Kesdau. — The  seam  which  is  nsDolly  called  the  Thirty-inch  in 
the  Aspatria  disti'ict  is  not  the  equivalent  of  the  Thirty-inch  of  Bidlgill, 
but  of  the  Metal  Baud  as  there  named,  aud  the  35  futlioms  just  men- 
tioned is  the  proper  Thirty- inch- 
Mr.  FLEXCUiiu  repeated  the  opinion  lie  had  expressed  before,  that  tJui 
Thirty-iuch  Seam  at  Mealsgate  does  not  represent  the  Crow  Baud  at 
Ellenborough  and  other  places,  but  the  Blauk  Metal  Band  of  the  Clifton 
aud  Grey  south  en  district. 

Mr.  Kendall  said,  that  he  had  not  mentioned  anything  in  the  paper 
about  the  Thirty-inch  of  Mealsgatc.  What  he  said  was,  that  the  Crow 
Coal  at  Ellfuborough  was  tho  equivalent  of  the  Thirty-iuch  of  Biiligill. 
The  next  point  raised  by  Mr.  Fletcher  was  as  to  the  Lickhank  at 
Grcysouthen  and  Broughton  Moor.  lb  was  admitted  by  Mr,  Wilson 
that  they  did  not  claim  the  seam  at  Broughton  Moor  to  be  the  samA 
as  the  Lickbank  of  b'reysoutheu,  and  clearly  thuy  weie  two  diiTereut 
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ieenB.  Whether  they  tflok  the  depth  below  the  Cannel  and  Metal  Band, 
or  the  section  of  the  beds,  or  the  sncceBsion  of  Beams,  or  anything  else, 
it  wag  quite  cleai  that  the  one  Beam  was  net  the  com-lative  of  the  other, 
and  that  the  so-called  Lickbank  at  Bronghton  Moor  corresponded  with 
a  seam  at  Greysonthen  which  was  some  fathoms  below  the  Liekbauk  there. 
This  agreed  with  what  Mr.  Wilson  had  said.  They  would  find  the  same 
thing  at  Aspatrio;  the  lackbank  there  was  lower  than  at  Gilcmx,  and 
corresponded  with  the  Greysonthen  Liekbauk.  An  explnnalion  wlirch 
suggested  itself  to  his  mind  was  this :  Mr.  Steele  (who,  he  beliered,  had 
managed  both  the  Aapatria  and  GreyHOotheu  collierieB}  probably  gave  the 
names  to  the  seame,  and  in  all  likelihood  he  would  give  the  same  name 
to  a  scam  in  a  corresponding  part  of  the  strata  in  different- parts  of 
the  diBtrict. 

Mr.  Watson  said,  there  was  a  slight  nip  on  the  north  side  of  Bronghton 
Moor.  The  Lickbank  waa  shown  in  thf  shaft  a  few  inches  thick,  showing 
it  was  in  the  pit.  As  stated  by  Mr.  Wilson,  the  seam  below  was  not 
the  Lickbank,  it  was  called  so  in  the  section. 

Mr.  E.  Wilson— It  is  called  so  in  the  section,  hut  it  is  not  so. 

Mr.  Kendall — With  reference  to  the  China  Band,  the  way  he  anivcd 
at  the  correlation  of  that  scam  was  by  comparing  the  section  of  the  Gil- 
garran  coal-Seld  with  that  of  Qreenspot  and  other  collieries  in  the 
game  neighbourhood.  He  fonnd  an  exact  correspondence  in  the  beds  at 
the  different  places,  and  the  collieries  were  quite  near  together.  At 
Gilgarran  there  are  three  seams,  known  as  the  Two-feet  Coal,  the  Eighteen- 
inch,  and  the  Yard.  The  Two-feet  and  the  Eighteeen-iuch  are  separated 
by  about  five  fathoms  of  metal,  and  so  are  the  Eightcen-iiicli  and  the 
Yard  Coala.  The  same  seams  occur  at  Studfold,  where  the  lowest  is 
called  the  China  Band.  This  seam  he  believed  was  the  correlative  of 
the  Six-quarter  of  Whitehaven  or  the  Yard  Band  of  Gilgarran  for  the 
reason  mentioned,  that  the  Gilgarran  and  Studfold  collieries  were  close 
together;  and  it  was  quite  possible  to  make  a  correlation,  almost  bed  for 
bed.  The  China  Band  at  Oatlnnds  Pit  is  doubtless  the  tame  scam  as 
the  China  Baud  at  Studfold  and  Grcenspnt ;  but  he  thought  that  Mr. 
Fletcher  was  quite  wrong  in  saying  that  they  had  fonnd  the  Bannock 
Band  below  the  China  Band  at  Oatlands,  as  it  was  really  a  small 
seam  or  rather  two  small  seams  lying  between  the  Yard  Band  and 
the  Fonr-feet  Coal  of  Gilgarran,  as  the  accompanying  Plate  V.  will 
Bhow.  As  regards  Mr.  Fletcher's  observations  on  the  nips  at  Work- 
ington and  Camcrton,  ho  (Mr.  Kendall)  did  not  give  a  positive  opinion 
on  this  matter  in  the  paper ;  he  rmly  made  a  suggestion.     The  fact  how- 
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ever  of  coal  being  worked,  as  mentioned  by  Mr.  Fletcher,  between  the 
points  where  nips  were  met  with,  did  not  invalidate  the  suggestion  made 
in  the  paper. 

Mr.  Fletcher — But  the  nips  are  not  continuous. 

Mr.  Kendall  said,  he  never  suggested  that  they  were,  but  simply  that 
they  might  lie  parts  of  one  original  nip.  He  would  next  deal  with  Mr. 
Fletcher's  remarks  aa  to  the  aeaniB  in  the  Whitehaven  sandstone.  The 
coRciusioDS  drawn  in  the  paper  on  this  port  of  the  subject  are  eo  novel 
and  have  sui'h  an  important  bearing  ou  the  question  of  the  extent  of  the 
coal-field  lielow  the  Permians  in  certain  directions  that  It  is  well  the 
conclusions  should  be  thoroughly  established.  One  of  the  speakers  men- 
tioned that  in  the  new  sinking  at  Flimby  there  was  a  red  post  gunk 
through  some  distance  below  the  Senhouse  High  Band.  He  saw  that 
himself,  and  was  very  much  interested  in  it,  and  took  cnpions  notes  of  it 
at  the  time,  and  that  really  threw  light  upon  the  whole  thing.  They 
would  find  in  examining  sec tione  of  the  Whitehaven  sandstone  at  differ- 
ent places,  that  it  was  characterised  by  certain  purple  grey  sandstonM 
and  shales.  In  boring  and  sinking  journals  this  purple  grey  colour  was 
entered  as  brown,  purple,  or  red,  according  to  the  opinion  of  the  borer 
or  sinker,  and  this  was  to  be  borne  in  mind  in  attempting  a  correlation 
of  these  beds,  from  sections  obtained  by  boring  and  sinking.  At  Bosegill 
Colliery,  there  were  a  number  of  red  sandstones  and  shales,  but 
intercalated  with  them  there  were  a  few  light  and  dark  coloured  beds  of 
shale  corresponding  with  those  of  the  lower  coai- measures.  At  Ellen- 
borough  and  Flimby  there  were  more  of  these  dark-coloui-ed  shales 
between  the  pnqile  grey  beds,  and  at  Mealsgate  exactly  tlie  same  thing 
was  found. 

Mr.  Fletcheh — In  boring,  mistakes  are  often  made  as  to  the  colour 
of  the  strata.  It  is  well  known  in  the  district  that  the  coloured  water  of 
the  red  measures  at  the  surface  going  down  the  hole  colonrs  the  strata 
for  many  fathoms,  and  causes  them  to  be  entered  in  the  journal  as  red. 

Mr.  Kkkdali, — That  is  quite  impossible  with  a  careful  borer,  as  any 
colouriug  matter  from  the  upper  part  of  a  hole  would  readily  disappear 
when  the  sample  was  washed.  Otherwise,  in  boring  through  soft  amitty 
haematite,  nothing  but  red  beds  wonld  be  found  below,  which  is  not  the  fact. 

Mr.  Maetib — There  is  considerable  difference  between  No.  I  Pit  and 
No.  2  Pit.  The  journal  of  No,  1  Pit  corresponds  with  the  one  given  by 
Mr.  Kendall,  but  the  journal  at  No.  2  Pit  shows  red  ground  over  13  fathoms 
above  the  Yard  Band.  The  Allhallows  Pit  was  a  sinking,  and  the  noM« 
were  taken  by  a  careful  man. 
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Mr.  Kenuall — He  had  hod  litholngical  scutioiis  inade,  and  these 
Bhowed  both  the  argillaceous  aud  the  areuaoeons  beds.  He  had  also 
made  unother  lot  of  eectiuns  to  show  the  coloui's  of  the  different  strata 
passed  throngh.  In  this  way  he  arrived  at  the  line  which  he  had  marked 
as  the  base  of  the  Whitehaven  Eandstone.  There  was  a  reddish  post  of 
sandstone  below  the  Senhouae  High  Band  at  Maryport,  which  undoubtedly 
belonged  to  the  Wliitehaven  saiidHtone,  and  there  was  the  same  post  below 
the  so-called  Ten-qnarter  at  Aspatria ;  and  atso,  but  much  more  split  up, 
below  the  Master  Band  at  Boiton,  as  shown  on  Plate  VI.  Tiiese  wera 
the  main  grounds  on  which  he  had  based  his  conclusions  aa  to  the  White- 
haven sandstone  and  its  included  scams,  that  there  are  certain  l>eds  baring 
a  certain  colonr,  below  the  Crow  Band  and  the  Master  Band  at  Bolton, 
which  correspond  with  the  bed,  which,  in  his  opinion,  is  below  the 
Sonhouse  Hif;h  Band,  and  another  bed  not  worked  at  Ellenlwrough  and 
Flimby.  If  this  view  were  taken,  the  difficulty  of  correlating  the  Crow 
Band  and  the  Master  Band  of  Bolton  with  seains  in  the  lower  part  of  the 
coal-field  would  be  overcome.  He  would  be  glad  indeed  if  anyone  present 
would  show  him  how  either  of  these  seoms,  which  he  had  put  in  the  White- 
haven sandstone,  could  possibly  be  correlated  with  a  seam  in  the  lower 
part  of  the  field. 

Mr.  Mabtin  asked  to  what  sinking  at  AsiMtria  Mr.  Kendall  referred. 
Was  it  the  air  shaft  ? 

Mr.  Kenuali.. — The  section  before  the  meeting  is  of  No.  3  shaft. 

Mr.  Martin  said,  the  air  shaft  was  close  to  it,  and  fu  going  carefully 
throngh  tJie  jounial  he  found  no  mention  of  red,  brown,  or  purple  grey 
strata  nearer  than  66  fatboma  above  the  Yard  Band,  whereas  Mr.  Kendall 
stated  it  to  exist  at  36^  fathoms  above  that  seam. 

Mr.  Kendall  said,  probably  it  might  lie  entered  aa  grey,  for  the 
pnrple  grey  of  tbe  Whitehaven  Siindstone  might  at  times  be  so  described 
ty  those  who  wore  not  accustomed  to  nice  distinctions  of  colour. 

Mr.  Martin — Between  the  Bolton  Nob.  1  and  2  Pita,  which  are  not 
fer  apart,  there  is  a  difference  in  the  thicknesa  of  ordinary  strata  above  the 
Yard  Band  of  nearly  three  fathoms,  and  that  in  an  opposite  direction  to 
Mr.  Kendall's  theory.  He  maintained  that  the  beds  had  been  coloured  by 
the  denuding  wash  from  the  Permian  stone,  and  also  the  Whit«haven 
Btone.  They  were  not  like  the  Whitehaven  sandstone,  but  were  different 
altogether. 

Mr,  Kendall — It  is  a  most  extraordinary  thing  that  the  colouring 
ihould  e:(tend  downwards  at  Bolton  nearer  the  Yard  Band  than  it  does  in 
the  other  jMirts  of  the  district,  if  the  coloitfing  of  these  beds  is  due  to 
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Bome  process  of  staining  which  took  place  aftor  the  bcda  were  deposited. 
I'hat  Buch  subsciineut  colonriiig  ehoidd  affbct  imi)crniGable  ai-gillaceona 
rocks  at  ^reat  depths  seems  iinpo^ible.  If  it  had  done  ao  at  Bolton  why 
not  in  other  parts  of  the  district  ? 

Mr.  Martis — At  Bolton  Colliery  the  strata  is  ata  greater  angle  than 
at  Ellenborongh,  and  It  outcropped,  and  enabled  water  and  colouring 
matter  to  percolate  that  could  not  have  piissed  in  the  more  horizontal 
and  better  protected  beds  at  Ellenborough.    Thnt  will  explain  the  matter, 

Mr.  Fletchek — The  beds  underlying  the  L'^row  Seam  and  the  Master 
Band  in  Allhallows,  which  he  (Mr.  Fletcher)  maintained  are  not  in  the 
Whitehaven  sandstone,  are  not  red. 

Mr.  Kendall — They  are  not  met  with  at  Ellenboroogh  until  some 
depth  is  reached,  and  then  thered  beds  come  in.  At  Allhallows  the  equiva- 
lents of  the  red  beds  occur  l)elow  the  Master  Band,  but  in  the  sinking 
journal  thoy  are  descrited  as  grey,  probnbly,  for  the  same  reason  as  the  beds 
in  Aspatria  Pit,  refeiTed  to  by  Mr.  Martin,  arc  not  spoken  of  as  red 
or  purple  grey-  As  shown  in  Plate  VI.  herewith,  there  ia  bnt  a  small 
tbicknesB  of  reddish  beds  below  the  Master  Band  at  No,  8  Pit,  Aspatria, 
bnt  in  a  borehole  close  to  that  pit,  as  shonn  in  the  section,  there  is 
the  full  thickness  of  reddish  beds;  und  it  cannot  be  said  that  they, 
have  been  stained  by  colour  irom  the  upper  part  of  the  borehole,  because 
there  is  not  any  red  ground  in  the  npper  part  of  the  hole.  This  section 
therefoi-e  disposes  at  once  of  the  suggestion  of  Mr.  Fletcher  and  Mr. 
Martin  that  these  lower  red  beds  are  stained  during  the  operation  of 
boring. 

Mr.  Fletcheb — They  are  not  conformable  with  the  "Whitehaven 
sandstone. 

Mr.  Kendall — That  is  the  point  in  dispute,  bnt  if  Mr.  Fletcher  will 
travel  beyond  this  unsupported  assertion,  it  will  be  quite  easy  to  show 
where  he  is  wrong. 

Mr.  J.  B.  SraPBOK — Is  everybody  agreed  that  the  Yard  Band  Seam 
shown  in  the  different  sections  can  be  traced  through  ? 

Mr.  Fletchek — There  can  be  little  donbt  that  the  correlation  of  the 
Yard  Seam  in  the  paper  is  correct,  if  what  is  called  the  Main  Band  at 
Mealsgate  be  the  same  seam. 

Mr.  J.  B.  SiMPBON — Are  the  quality  and  character  the  same? 

Mr.  Fletcher — Yes,  very  much  the  same. 

Mr.  Kendall,  in  answer  to  Mr.  J.  B.  Simpson,  said  thnt  in  a  paper 
"On  the  Hffimatitc  Deposits  of  West  Cumberland,"  which  he  some  time  ago 
read  before  the  Institute,  it  wns  stated  that  the  thickness  of  the  millstone 
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grit  was  found  to  be  450  feet  at  Parkside,  What  the  thickness  was  below 
t^c  coal-field  he  did  uot  know,  but  he  hoped  to  acttlo  thiit  mutter  in  a 
paper  which  he  was  preparing  on  the  correlation  of  the  different  mem- 
bers of  the  carboniferous  sjetem  in  Furiiess  aud  West  Cumberland. 

Mr.  J.  B.  SiMPBOS — Mr.  Kendall  sajs  that  the  red  beds  are  uncom- 
furmable  with  the  other  measures.  Take  Ellenborough  section.  He 
would  like  to  know  whether  these  beds  are  lying  at  the  same  angle  sa 
those  below.  There  is  the  Senhouee  High  Band;  ia  it  lj4ng  at  the 
same  angle  ae  the  Allhallow's  Scam  F 

Mr.  EE.VUALL — At  Croft  Pit  the  base  of  tlie  Whitehaven  sandBtone  ia 
about  61  fathoms  above  the  Bamiock  Bund,  and  in  the  neighbourhood  of 
Bowrah  and  at  other  parts  of  the  district,  Lhis  sandstone  is  down  on  the 
millstone  grit.  Surely  there  can  be  no  better  evidence  of  unconform* 
ability  than  this  ? 

Mr.  J.  B.  SmpsoK — There  might  liave  been  denudation  between  the 
lower  beds  and  the  sandstone. 

Mr.  Kkkdall — Agreed  that  it  was  denudation  combined  with  tilting 
vhich  had  caused  the  imconformubility.  Difference  in  the  inclination 
of  seams  is,  in  itself,  notany  test  of  uuconformity.  By  reference  to  p.  SSG 
of  the  paper  it  will  be  seen  that  the  thickness  of  ground  between  the 
Sannook  Band  and  the  Main  Bund,  increases  from  9  fathoms  at  the  St.  Bees 
borehole  to  nearly  22  fathoms  at  Wellington  Pit,  There  is  thus  a  great 
difference  in  the  inclination  of  these  seams,  but  surely  there  is  not  anyone 
who  would  say  they  were  unconformable,  One  point  raised  by  Mr.  Burns 
related  to  the  downward  limit  of  the  coal-measures  and  the  upward 
limit  of  the  millstone  grit.  He  would  not  like  to  say  much  about  this 
at  present.  He  had  not  gone  into  this  question  to  a  sullicient  extent  to 
allow  him  to  toirelate  this  eoal-field  witli  tlie  coal- measures  on  the  east 
coast.  He  would  therefoi'c  uot  like  to  fix  the  base  of  the  lower  coal- 
tneasnres,  but  it  seemed  to  him  that  it  did  uot  affect  the  present  qut'Stion 
one  iota  whether  they  said  the  base  of  the  coal -meosu res  was  below  the 
XTdale  Band  or  above  it.  The  most  important  thing,  from  the  miner's  jtoiut 
of  view,  was  to  have  got  the  correlation  of  the  beds.  He  knew  some  people 
beld  that  the  whole  of  the  Whitehaven  coal-field  was  not  in  the  coal- 
measorea  at  all,  but  was  in  the  Yordedale  rocks.  That  was  however  a 
natter  on  which  he  would  not  express  an  opinion,  aa  its  determination 
involved  an  amount  of  information  which  would  take  a  considerable  time 
to  get  up.  In  placing  tiie  coal-field  above  the  millstone  grit,  as  he  had 
done  in  the  introductory  part  of  the  paper,  he  merely  adopted  what 
appeared  to  be  the  most  natural  subdivision  of  the  carboniferous  system 
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of  West  Cumberland.  But  when  lie  came  to  deal  with  the  dietrict  in 
relation  to  the  typical  areas,  it  mij^ht,  althongh  he  did  not  think  it  would, 
be  necessary  to  modify  this  subdirision.  In  reply  to  Mr.  Peile,  he 
Baid  that  the  statemeut  in  the  paper  as  to  the  dip  of  the  measures  at 
Workington  was  quite  correct,  as  could  easily  be  aeeo  at  any  of  the 
outcrops.  To  Mr.  Martin,  he  would  say  that  the  additional  informa- 
tion asked  for  as  to  the  Permians,  would  not  tlirow  any  further 
light  upon  the  question  of  the  Sub-Permian  coal-Seld.  To  go  beyond 
the  paper  in  this  matter,  would  simply  be  to  occupy  time  in  dis- 
cussing a  atibjecc  with  insufficient  data.  Tho  miner  or  the  borer,  or 
both,  liavo  something  more  to  do  before  there  can  be  any  farther 
profitable  consideration  of  this  most  important  question.  Mr.  Martin  says 
that  Mr.  Steele  informed  him  that  the  rock  cut  beyond  the  great  rod  fault 
from  the  Ten-quarter  Seam  at  Elleiiborough,  was  St.  Bees  sandstone. 
Mr.  Steele  is  wtod";  abont  this,  for  the  following  reason:  On  the  down- 
side of  this  fault,  and  not  fur  from  the  place  wliere  the  fault  was  intersected 
in  the  mine,  a  borehoie  was  put  down  from  the  surface  and  passed  tluvugh 
a  coal  seam  1  foot  5  iuches  in  thickness.  It  also  intersected  several  beds 
of  blue  metul  and  of  sandstone  with  cool  pipes  before  reaching  the 
depth  of  the  drift  put  through  the  faiilt.  These  surely  do  not  belong 
to  the  St.  Bees  sandstone,  nor  to  any  strata  above  it.  There  were 
numerous  red  beds  recorded  in  the  journal  of  the  borehole,  but  clearly 
they  were  of  WliitohaTcn  sandstone.  Mr.  Martin  appears  to  be  in  cou- 
siderable  doubt  as  to  what  the  Wliitehavcn  sandstone  is,  but  he  understands 
the  term  to  refer  "to  a  massive  purple  grey  sandstone,  more  or  less 
homogeneous,  but  varying  somewhat  in  thickness,  and  of  peculiar  lextnre 
and  colour,"  aud  that  "this  post  of  sandstone  fonns  the  lase  of  what  may 
properly  be  called  the  Whitehaven  sandstone  series."  Mr.  Slartin  then 
gives  the  thickness  of  what  he  considers  the  post  at  different  places,  but 
the  whole  of  his  remarks  show  that  his  ideas  on  the  subject  are  in  a  state 
of  the  most  perplexing  confusion,  as  will  presently  be  made  manifest. 
Mr.  Martin  is  unfortunate  in  adducing  Professor  Hull  as  an  authority  on 
the  Whitehaven  sandstone,  for  a  very  short  perusal  of  the  coal-fields  of 
Great  Britain  by  that  writer,  will  convince  anyone  that  he  is  practically 
unacquainted  with  the  Ctimberland  coal-field.  To  understand  clearly  whut 
is  meant  in  the  paper  by  the  term  Whitehaven  sandstone,  it  is  necessary 
to  know  that  in  the  neighbourhood  of  Whitehaven,  and  overlying  the  lower 
coal-measures,  there  are  certain  patches  of  a  purple  grey  sandstone, 
has  for  yeare  boon  known  as  the  Whitehaven  sandstone.  The  oolonr 
of  this  rock  is  quite  peculiar,  being  altogether  imlike  that  of  any 
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tock  in  tiie  diatrict.  Another  peculiarity  of  ft  is  that  in  places  it  contains 
ft  large  number  of  red  irony  nodules.  In  the  cliffs  at  Bransty,  and 
between  Wellington  Pit  and  Port  Hamilton  very  good  sections  of  tliia  rotk 
may  be  seen;  and  it  is  elsewhere  exposed  in  the  neighbourhood  in 
numerous  quarries.  Somefimes  the  sandstone  is  nearly  white  or  a  very 
pale  grey.  For  anything  that  is  to  be  learned  to  the  contrary  from  these 
natural  sections,  the  formation  consists  entirely  of  a  muss  of  sandatone  con- 
taining a  few  thin  bode  of  shale.  But  in  sinking  through  it,  as  at  Croft 
Pit  and  elsewhere,  it  is  found  that  a  larger  proportion  of  it  is  shale  than 
wonid  have  been  supposed  from  an  inspection  of  the  outcrops  alone. 
This,  however,  is  only  what  might  be  expected,  and  is  in  accordance  with 
general  experience;  soft  shales  seldom  forming  visible  natural  outcrops, 
except  in  stream  beds,  and  there  are  very  few  streams  i.tf  any  size  on 
the  area  of  these  Iteda  near  Whitehaven.  It  is  therefore  easy  to  under- 
stand how  the  earlier  geologists  who  named  this  formation  from  ft 
study  of  it  as  developed  at  'WTiitehBven,  should  Ire  of  opinion  that  it 
consisted  mainly  of  sandstone,  and  should  on  that  account  call  it  the 
Whitehaven  sandstone.  Bat  when  the  formation  is  stadied  in  other  paria 
«f  the  district,  as,  for  instance,  at  Flimby  and  Maryport,  it  ia  found  to 
be  different  from  what  it  is  at  Whitehaven.  In  the  new  pit  at  Water- 
gate, near  Flimby,  a  post  of  Whitehaven  sandstone  nl>out  11  fathoms 
thick,  was  entered  at  about  18  fathoms  from  the  surface.  There  could 
not  be  any  possible  doubt  about  its  being  the  same  kind  of  rock  as  that 
which  is  exposed  in  the  cliffs  at  Whitehaven.  Above  this  purple  grey 
■andstone  the  rocks  sunk  through  were  of  the  ordinary  coal-measure  type, 
M  were  they  below.  At  six  fathoms  from  the  surface,  and  therefore  above 
the  bed  of  purple  grey  sandstone,  a  coal  scam,  known  as  the  Senhouse  High 
Band,  was  passed  through.  These  are  the  facta  which  led  the  late  Mr. 
Isaac  Fletcher  to  speak  of  the  irenhouae  High  Band  as  being  above  the 
Whitehaven  sandstone.  From  Flimby  pass  on  to  Maryport,  where  also 
the  Senhonse  High  Band  has  been  wrought,  and  where,  too,  the  purple 
grey  sandstone  occurs  below  it.  For  a  thickness  of  about  32  fathoms 
above  the  Senhouse  High  Band,  the  rocks  are  mainlyof  the  oi-dinary  coal- 
measure  colour  and  character,  and  they  include  several  small  seams  of  coal. 
But  above  these  rot^ks,  purple  grey  sandstones  and  shales  appear  again, 
which  arc  in  all  their  essential  characters  exactly  the  same  as  the  sand- 
stone below  the  Senhouse  High  Band.  For  that  reason  they  were 
included  with  the  Whitehaven  sandstone  in  the  paper,  At  Rosegil!  and 
Crosby,  the  interbedded  light  and  dark-coloured  sluilcs  appear  to  lie  almost 
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absent,  but  tliey  are  seeu  again  at  Aapatria,  ulthongh  they  are  nob  quite 
BD  thick  as  at  Maryport,  as  will  appear  hy  reference  to  Plate  VI.  They  are 
oIbo  found  at  Mealsgate,  where  they  have  about  the  same  thicknegs  as  at 
Maryport.  About  three-quarters  of  a  mile  north-east  of  Mealsgate  station, 
the  Crow  Band  (the  equivalent  of  the  Senhouse  High  BandJ  was  found  at 
a  depth  of  lOi  fathoms,  and  the  first  68  fathoms  were  mainly  purple  grej 
sandstone  ;  then  followed  down  to  the  Crow  Band,  39  fathoms  of  shales 
with  thin  coals  and  a  few  beds  of  sandstone.  These  were  mainly  of  the 
ordinary  coal-measure  colour.  At  Bolton  No.  2  Pit  and  in  No.  5  bore  at 
that  place,  the  purple-grey  sandstone  was  found  to  be  below  the  Crow 
Coal,  although  it  was  there  split  up  by  shales,  aa  shown  in  Plate  VI.  The 
Whitehaven  sandstone  may  thei-efoi-e  be  said  generally  to  consist  of  purple- 
grey  sandstones  and  shales,  with  which  are  intercalated  at  places  shales 
and  sandstones  resembling  the  lower  coal- measures,  and  which,  like  them, 
contain  scams  of  coal.  It  has  been  seen  that  the  colour-test  plays  an  im- 
portant part  in  the  determination  of  the  base  of  the  Whitehaven  sandstone. 
It  has  also  been  seen  that  the  purple-grey  colour  which  is  one  of  the  main 
characteristics  of  the  formation  is  sometimes  abseut,  and  that  the  arena- 
ceous beds  are  blanched  or  of  a  very  pale  colour.  Bearing  that  in  mind,  it 
is  extremely  probable  that  the  freestone  beds  just  above  the  Ten-quarter 
Coal  at  Crosby,  arc  the  base  of  the  Whitehaven  sandstone;  that  they  are, 
in  fact,  the  equivalent  of  the  purple-grey  beds  under  the  Senhonse  Band 
at  Maryport,  and  that  they  have  been  blanched.  The  two  main  seams  above 
the  Ten-quarter  Coal  there,  would  then  correspond  to  the  Crow  Band 
and  the  Master  Band  of  Bolton,  as  shonn  in  Plate  VI.  That  being  so, 
the  base  of  the  Whitehaven  sandstone,  aa  shown  at  BuUgill  in  Plate 
XXXIII.  (Vol.  XXXII.),  and  at  Crosby  and  Gilcrui.  on  Plates  XXXI V. 
and  XXXV.  should  be  lowered.  The  same  considerations  wonld  similarly 
affect  the  position  of  the  haseof  the  Whitehaven  sandstone  at  Whitehaven 
and  Cleator  Moor.  At  Croft  Pit,  for  instance,  the  white  sandstones  which 
occur  about  40  fathoms  above  the  Bannock  Band  may  be  taken  as  the 
blanched  or  unstained  base  of  llie  Whitehaven  sandstone.  Above  this  are 
seams  which  wonld  correspond  to  the  Crow  Band  and  Jlaster  Band  of 
Bolton.  At  Cleator  Moor,  the  base  of  the  formation,  on  the  same  principle, 
wonld  be  placed  at  a  post  of  white  sandstone  about  SO  fathoms  above  the 
Bannock  Band,  and  therefore  below  seams  corresponding  to  the  Crow 
Band  and  Master  Band.  This  is  almost  certainly  the  correct  rendering 
of  the  facts;  but  it  will  seem  so  outriigeous  to  anyone  who  is  accustomed 
to  look  at  a  part  of  the  field  only,  that  it  requires  all  the  conrage  of  firm 
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oonviotioQ  lo  Bugprat  it.  With  these  aildiLioDul  observations,  the  White- 
haven sandstone  formation  may  generally  be  considered  to  have  the 
following  section  where  it  is  complete. 


PurpU'grcj  snndatones  and  slmlag,  with  o< 
light  and  dark -coloured  shales.  The  saint^ton 
times  blanuhcd  nr  iinntaiuod. 


Light   and  dark-cnlnared  shalea,   with 
thin  seams  of  tnal.  and  two  wcirkaWp  seams;  ali 
b«di  of  sandstone. 


Paiple-grey  sandntone,    a 
unstwned,  and  in  places  iplit 


act!  Dies    bUnclied    or 
)  by  shale. 


If  the  sections  nn  Plate  XXXIII.  of  the  paper  be  correlated  on  this 
principle,  they  woald  be  aa  shown  on  Plate  VII.  herewith,  whereon  all  the 
workable  seams  of  the  field  are  correlated,  and  in  the  small  iipper  seams 
order  is  introduced  where  previously  there  was  somewhat  of  confusion. 
Another  matter  about  which  Mr.  Martin  seems  to  be  undecided,  is  as  to 
the  meaning  of  "unconformity."  Thisseema  almost  incredible,  for  although 
there  may  be  at  times  the  very  greatest  difficulty  in  determining  an  un- 
conformity, there  cannot  aurcly  be  any  doubt  in  the  mind  of  a  geologist  as 
to  what  is  meant  by  the  term.  Mr,  Martin's  illustration,  drawn  from  the 
change  in  the  character  of  the  strata  overljing  the  Main  Band  at  Work- 
ington and  St.  Helens  New  Colliery,  is  altogether  beside  the  question.  If 
there  is  one  fact  better  impressed  than  another  on  the  mind  of  a  field 
geologist,  it  is  that  beds  of  sandstone  very  often  alter  into  beds  of  shale. 
Again,  Mr.  Martin  says  that  "at  Bolton  Low  Houses,  three  or  four  miles 
from  AllhallowB  Collier)',  the  Main  or  Yai'd  Band  is  still  found  in 
many  places  at  a  comparatively  shallow  depth;  but  had  Mr,  Kendall's 
theory  been  correct,  this  seam,  too,  must  have  disappeared."  This  state- 
ment can  only  have  been  made  because  Mr.  Martin  has  failed  to  grasp  the 
theory.  Bolton  Low  Houses  is  much  farther  to  the  dip  of  the  field  than 
Bolton  No.  2  Pit,  and  the  effect  of  that  will  be  readily  understood  by  refer- 
enceto  Plate  XXXIV.,8ection  C,of  the  paper,  where  it  Isshown  that  higher 
seams  come  on  to  the  dip,  and  therefore,  although  the  seam  would  be 
ont  off  where  the  Whitehaven  sandstone  cornea  down  upon  the  strike  line  of 
Bolton  No.  2  Pit,  if  produced  eastward,  itwouldnot  besocnt  offatBoIton 
Low  Houses,  because  that  point  is  to  the  dip  of  such  strike  line.  Another 
remark  of  Mr.  Martin's  must  be  noticed :  he  says,  "  turning  now  to  the 
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Bolton  Nu.  i  Pit  uu  llie  aiokiiig  section  of  which  Mr.  Keadall  had,  iu  it 
great  measure  unfortunately  based  his  theory,"  Ac.  Where  did  Mr.  Martin  I 
get  this  information?  It  is  true  that  is  the  only  section  in  the  Uealegate 
district  which  is  given  in  the  paper,  but  it  must  be  borne  in  mind  that  the 
paper  is  only  a  summary  of  the  conclusions  which  were  iirrivcd  at  in  the 
investigHtion  of  the  coal-field.  Not  one-twentieth  part  of  the  information 
used  in  arriving  at  those  conclusions  uppears  j  n  the  paper,  as  it  was  considered 
better  to  giveas  little  as  possible  beside  the  bare  results,  rather  than  bnry 
the  conclusions  in  innumerable  details.  These,  however,  are  ready  at  call 
to  support  the  conuhtsions  set  forth.  Mr.  Martin  may  rest  assured  that  the 
theory  was  not  based  on  any  single  section,  but  on  a  very  larpe  number  of 
sections,  and  oaly  after  travelling,  hammer  inhand,  many  hundreds  of  miles. 
General  conclusions  regarding  complicated  phenomena  are  not  to  be  reached 
by  the  study  of  a  single  fact,  or  even  of  a  few  particular  facts.  Mr.  Martin 
in  his  correlation  of  the  seams  in  Allhaliows  Pit,  ignores  all  the  principles  ' 
of  stratigraphy,  as  will  be  seen  on  reference  to  Plate  VI.,  in  which  Mr. 
Martin's  correlation  is  indicaC«d  by  blue  lines.  Mr.  Martin  says  that  the 
Main  or  Yard  Band  at  MealsgBte  is  the  same  in  section  as  the  Mnin 
Band  at  Oatlanda.  If  Mr.  Martin  will  look  at  Plate  V,  herewith,  he 
will  see  that  they  have  not  got  the  Main  Band  at  Oatlanda,  With  regard 
to  the  identity  of  the  Main  Band  of  Bolton,  Mr.  Martin  may  soon  satisfy 
himself  that  it  is  the  Yard  Band,  if  he  will  carefully  compare  the  sections 
obtained  at  Aspatria,  BlennerhnG^et,  and  Mcalsgate,  which  probably  be 
possesses.  Mr.  Martin  has  put  a  meaning  on  the  statement  in  the  puper 
with  regard  to  the  westerly  thickening  of  the  SiT-ijnarter  Seam,  which  it  ' 
was  not  intended  to  bear.  It  is  quite  clear  that  the  statement  was  not 
meant  to  exclude  the  northerly  or  southerly  attenuation  of  that  seam,  from 
the  fact  that  the  Three-feet  Coal  at  Harrington  was  said  to  be  the  si 


The  President  said,  the  long  discussion  which  had  taken    place  I 

and  the  information  which  had  been  given  showed  the  great  interest  taken  \ 

in  Mr.  Kendall's  paper,  and  proved  the  desirability  of  members  having  an  I 
opportunity  of  discussing  papers  affecting  their  own  distriote. 


The  meeting  concluded,  and  the  members  were  entertained  to  luncheon 
by  the  traders  of  Workington. 
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PROCEEDINGS. 


GENERAL  MEETING,  SATURDAY,  APRIL  12th,  1884,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEORGE  BAKER  FORSTER,  Esq.,  Pbesidbkt,  nr  the  Chaib. 


The  Secretary  read  the  minutes  of  the  last  meeting  and  reported 
the  proceedings  of  the  Council. 

The  following  gentlemen  were  elected,  having  been  previously  nomi- 
nated:— 

OSDIVABY  MbHBEBS — 

Mr.  JoHir  jAMBSoy,  Consulting  Engineer,  Akenside  Hill,  Newcastle-on-Tjne. 
Mr.  Bevjamix  James  Fobbest,  Mining  Engineer,  Calle  de  ras  Infantas  No.  18, 

po.  So.,  Portugalete,  via  Bilbao,  Spain. 
Mr.  J.  C.  Fobbest,  Witley  Coal  Company,  Limited,  Halesowen,  near  Birmingham. 
Mr.  William  Asshbton  Cbobs,  Messrs.  R.  &  W.  Hawthorn,  Newcastle-on-Tyne. 


Mr.  Wm.  Cochrane  said  that,  as  the  attendance  at  the  meeting  was 
so  small,  ne  proposed  that  Mr.  Melly's  paper,  "  Notes  on  the  Warwick- 
shire Coal-field/'  be  taken  as  read,  and  the  meeting  be  adjourned. 

Mr.  A.  L.  Steavenson  seconded  the  motion,  which  was  agreed  to, 
and  the  meeting  was  adjourned  accordingly. 


NOTES  OS  THE  WAHWICKSHIKE  C 


NOTES  ON  THE  WARWICKSHIRE  COAL-FIELD. 

Bv  K.  t\  MKLLV. 

This  Coal-Geld  is  the  Bmallest  in  England,  next  to  the  Forest  of  Dean, 
and  extends  only  from  Coventry  to  Tamworth,  a  distance  of  1 8  niilea,  the 
averago  width  of  proved  workable  coal  being  about  four  miles.  The 
accompanying  Map,  Plate  VIII.,  shows  that  the  coal-measures  are  but 
ulightly  seen  on  the  surface,  and  that  the  line  of  outcrop  passes  along  the 
villages  of  Longford,  Chiivers  Coton,  Atherstone,  and  Polcsworth  on  the 
east,  while  the  boundary  line  of  the  coal-measures  on  the  west,  or  rather 
the  point  where  they  dip  under  the  Permian,  runs  through  the  villages 
of  Bedworth,  Stockingford,  and  Baxterley.  A  lai^e  area  of  coal  may  be 
worked  under  the  Permian,  and,  as  shown  in  the  sections,  the  seamg 
appear  to  become  flatter,  but  after  three  miles  or  thereabouts  further  i>ro- 
gress  in  this  direction  is  stopped  by  a  fault  running  nearly  north  and 
south.  The  northern  boundary  is  simply  a  large  down-throw  &ult 
running  north-east  by  south-west. 

To  further  illustrate  this  Plan,  two  sections  (Plate  IX.)  from  the  Geo- 
logical Survey  are  here  given.  They  show  iu  ail  five  seams  of  coal,  and 
in  both  cases,  their  boundary  is  the  outcrop  on  one  side  and  a  large  fault 
on  the  other. 


There  are  not  very  many  seams  in  this  county,  but  they  vary  very 
much  in  thickness,  in  depth,  and  also  in  the  thickness  of  the  strata  lying 
between  them.    The  following  is  a  list  of  the  coal  seams  which  have  been 

I  and  are  now  being  worked,  with  the  sections  at  some  of  the  collicrieB  now 
working  them.    The  section  is  occasionally  much  thicker. 


ur-fotit  C'okl 

o-yard  Coal 

Bare  Co»l    . ., 

RidorCosl    . 

Ell  Ct»l       ... 
SUte 


sometimes  worked  with  Two- 
7>rd.  there  being  a  small 
pu-tiiijr  between  them. 


very  little  iv 
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From  this  section  it  will  be  seen  that  these  seams  of  coal  are  all  of  a 
good  thickness,  and  in  each  case  the  eection  is  fairly  clean  and  free  from 
dust  partings,  eicept  the  Four-feet  and  the  Bench  coals,  but  alinost  all  of  l 
them  are  spoilt  by  an  undue  proportion  of  iron  pyrites. 

They  lie  at  a  conaidcruble  iuclinatiun,  which  dips  chiefly  dne  WBSt,  ' 
Tnrying  from  1  in  5  to  1  in  6,  but  they  appear  to  be  fiiirly  regnlar, 
although  from  the  southern  to  the  northern  point  of  the  coal-field  the 
strata  between  them  gradually  thicken  out,  and  they  gradually  get  fur- 
ther and  further  apart  I'rom  each  other.  Thus,  at  Hawkesbury  Colliery, 
the  total  tbicknesfl  from  the  top  of  the  Two-yard  coal  to  the  Seven-feet  is 
22  yards,  while  at  Griff  Colliery,  about  four  miles  north,  the  total  thick- 
ness is  no  less  thiin  GO  yards. 

To  illustrate  this  a  fiirther  section  is  extracted  from  the  Geological  , 
Report,  and  is  shown  in  Plate  IX. 

It  would  seem  that  coal  has  been  worked  in  Warwickshire  from  avery 
early  date,  but  the  writer  has  not  been  able  to  find  any  reliable  records  of   | 
its  being  worked  before  1600. 

The  evidence  on  the  surface  at  the  present  time  of  the  very  nnmeroug 
pits,  most  of  them  not  more  than  six  feet  in  diameter,  points  out  distinctly 
that  mining  was  carried  out  in  anything  but  au  economical  fashion. 
Besides  coal,  both  limestone  and  ironstone  were  worked,  the  latter  until 
18C8,  when  it  was  superseded  by  the  nse  of  the  cheap  Northamptonshire 
ore.  It  may  be  remarked  that  on  an  estate  of  only  500  acres  there  are  no 
fewer  than  23  pits  which  have  been  sunk  to  work  one  or  other  of  thescamB, 
and  in  some  cases  the  ironstone,  and  of  which  only  five  now  remain  open. 
TJntii  quite  recently  it  was  customary  to  sink  a  pit,  put  down  small 
machinery,  and  work  out  a  few  hundred  yards  of  coal  on  each  side,  moet 
of  which  was  scut  away  by  canal,  and  then  abandon  it.  In  a  few  cases 
coal  has  been  worked  ont  by  means  of  an  open  drift  from  the  outcrop,  bat, 
at  the  present  time,  there  is  hardly  a  colliery  in  the  whole  of  Warwick- 
shire  which  has  any  coal  left  to  work,  eicept  to  the  dip. 

The  Inspector's  Report  for  1882  gives  the  number  of  collieriee  at  work 
as  IC,  and  all  of  these  are  still  at  work. 

Table  I.  shows  the  output  for  the  last  two  years,  and  also  the  average 
tonnage  drawn  per  day  at  the  collieries,  allowing  250  working  days  per 
annum.  It  will  be  seen  that  this  figure  is  not  very  high,  the  largest 
colliery  in  Warwickshire  producing,  in  fact,  only  about  450  tons  per  day 
from  one  pit.  It  also  shows  the  number  of  deaths  which  have  occurred 
in  the  same  time,  and  the  tons  of  coal  raised  per  death. 
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Taking  the  year  1881  bb  an  average  year  of  deaths  by  accident  (the 
whole  deaths  in  1882,  besides  the  fatal  Baddeslejexploeion,  being  ouly 
three),  the  nurn>>cr  of  tons  raised  per  death  in  WanviclcBhirc  compares 
favourably  with  the  figure  of  177,1U6  for  tlie  United  Kingdom  in  1881. 

The  average  work  done  per  man,  as  shown  by  the  Lohb  raised  per 
person  employed  per  annum,  is  very  innch  less  than  in  the  United  King- 
dom, which  for  1881  is  do  less  than  311  tons.  This  may  perhaps  bo 
partly  due  to  the  very  slack  working  at  moat  collicriia  in  the  district 
daring  the  summer  months. 

FAULTS. 
Thia  coal-field  appears  to  be  singularly  free  from  faults,  except  the 
large  ones,  which  practically  form  its  boundary;  but  the  writer  baa 
recently  met  with  two  small  down-throws,  cadi  of  about  4  feet  6  inches, 
whii'h  appear  to  run  out  tty  nothing  In  a  distance  of  a  few  hundred  yards, 
while  the  ooa!  is  in  no  way  deteriorated  in  quality  right  up  to  the  fault  on 
both  sides,  except  that  the  section  apjiears  to  get  thinner  and  somewhat 
harder. 


These  coal-seams  api«ar  all  of  thein  to  be  remarkably  free  from  gas, 
and  all  the  collieries  in  thia  district  arc  universally  worked  with  candles. 
Thia  makes  tt  nil  the  more  difficult  to  account  for  the  serioua  explosion  at 
Baddesley  Colliery  in  1882.  At  a  colliery,  well  known  to  the  writer, 
working  three  of  the  above  seamaof  coal,  no  gas  has  been  reported  in  any 
part  of  the  colliery  during  the  last  five  months. 

WATER. 

The  great  amount  of  water  which  baa  to  be  dealt  with  by  neai'Iy  every 
colliery  iu  the  district  more  than  balances  the  advantages  accming  from 
I  unity  from  gaa. 


IM 
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The  strata  above  the  Two-yard  Seam  appear  to  be  many  of  them  very  j 
porons  with  the  eiceptioa  of  the  day  on  the  top,  and  lar^  (juanLities  of  1 
water  evidently  find  their  way  through  the  breaks  near  the  outcrop; 
moreover,  in  past  years  the  outcrop  uf  the  upper  seams  has  bten  very 
thoroughly  worked,  and  the  water  finds  its  way  out  of  the  old  workings 
into  the  present  pits  sunk  further  to  the  dip.  Besides  this,  the  water 
drains  through  the  surface  soils  further  to  the  dip,  and  these  being  the 
Permian  measures,  they  are  no  doubt  specially  porous.  , 

The  writer  has,  duriug  the  past  year,  diminisiied  the  quantity  of  water  i 
at  one  colliery  by  about  one-third,  by  having  the  surface  drains  properly  I 
cleaned  out  and  all  signs  of  cracks  carefully  puddled. 

A  further  proof  of  the  open  character  of  the  strata  is  the  fact  that 
the  effect  of  heavy  rains  is  felt  in  about  ten  diiys  in  the  workings,  and 
this  ia  shown  by  the  increased  pumping  required. 

Another  circumstance  which  contributes  to  this  is  the  fact  that  many  i 
of  the  owners  of  brickworks  in  the  neighbourhood  have,  in  past  years,  in- 
dulged in  a  practice  of  sinking  small  wells,  3  or  4  feet  in  diameter,  down  to  | 
B  stratum  which  is  known  as  the  Four-foot  stone,  and  which  ia  of  so  porona   I 
a  nature  as  to  be  capable  of  adequately  draining  the  whole  of  the  ac- 
cumulation of  the  clay  pit.    This  water,  of  course,  eventually  finds  its  way 
into  the  adjacent  coUieries. 

At  one  colliery  in  Warwickshire,  no  sooner  have  new  workings  been 
opened  out  in  the  Two-yard  Scam  (which,  it  will  be  remembered,  is  nearest 
the  surface)  than  with  the  firat  heavy  break  of  the  roof  an  enormous  in- 
undation of  wat^r  has  each  time  occurred.  The  quantity  varied  from  two 
to  three  hundred  gallons  per  minute,  and  continued  running  sometimes 
for  several  weeks,  and  only  ceased  when  work  had  been  recommenced  and 
the  face  had  proceeded  several  yards;  and,  curiously  enough,  when  the  oat- 
burst  has  once  occurred  and  ceased,  the  workings  in  the  district  frequently  , 
go  on  for  years  without  being  further  affected.  It  appears  as  if  tiie  Fotir- 
foot  stone  before  mentioned  accumulates  this  large  quantity  of  water,  i 
wliich  breaks  through  at  the  first  opportunity  and  then  runs  itself  oS*. 


SPONTANEOUS  COMBUSTION. 

The  principal  distinctive  feature  about  the  Warwickshire  coal-seams  is 
the  fact  that  they  are  one  and  nil  very  liable  to  spontaneous  eombuGlion. 
There  are,  of  course,  several  explauations  of  it  in  the  district,  but  it  is  no 
doubt  in  great  mensni-c  due  to  the  heating  of  the  pyrites  (which,  as  has 
been  before  stated,  is  iu  large  quantities)  with  the  small  coal  which  haa 
been  thrown  back  into  the  goaf. 
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It  ifl  also  said  that  the  claj  nnder  the  coal  is  one  of  its  greatest  pro- 
moters, and  many  of  the  old  colliers  refuse  to  hole  in  it  for  this  reason, 
preferring  to  hole  in  the  harder  coal  as  being  safer.  The  writer  is, 
however,  sceptical  as  to  this  clay  being  the  cause,  and  where  the  holing  is 
cheaper  in  it  than  in  the  coa),  would  always  rttn  the  risk  and  hole  in 
the  day. 

The  conditions  moat  apt  to  produce  an  underground  fire  appear  to  be 
slight  dampness  and  plenty  of  air,  the  warm  return  air  lieing,  of  course, 
worse  than  the  intake  air.  These  fires  rarely  occur  near  the  face,  but 
always  at  some  distance  in  the  goaves,  and  almost  invariably  close  to  the 
packed  side  of  a  wind  road  by  the  side  of  longwall  working.  It  is,  there- 
fore, not  considered  safe  to  have  such  wind  roads  more  than  about  30  yards 
in  length,  but  to  drive  a  small  coal  road  with  a  pillar  of  5  yards  from  the 
workingH,  and  to  hole  throngli  into  this  every  20  lo  30  yaivHs.  At  one  of 
the  collieries  in  this  coal-field  no  less  than  four  uadergronnd  fires,  more  or 
leea  serious,  have  occurred  in  eighteen  months. 

The  first  indication  of  a  fire  is  a  peculiarly  offensive  smell  of  burning, 
having  a  slight  likeness  to  that  of  sulphuretted  hydrogen,  and  steps  shonld 
then  be  immediately  taken  to  keep  the  fresh  air  from  approaching  the 
spot.  If  it  is  possible  to  divert  the  course  of  the  air  and  at  the  same  time 
to  approach  the  fire,  dams  should  l>e  constructed  immediately  with  about 
3  feet  thickness  of  saitd,  and  then  a  brick  wall  to  keep  this  in,  and  the 
whole  district  of  the  fire  cut  off  in  this  way.  Unfortunately,  however,  a 
fire  generally  occurs  in  the  return  air-way  from  a  sot  of  workings,  ho  it 
would  probably  be  necessary  to  sacrifice  these  workings  until  a  new  air-way 
coald  be  driven,  as  the  air  must  for  the  meantime  be  diverted  down  the 
working  road  and  kept  entirely  clear  of  the  site  of  the  fire.  Another 
method,  which  should,  however,  be  only  a  temporary  one,  has  been  tried 
with  some  success.  While  another  air-way  was  being  driven  to  clear  the 
Bite  of  the  fire  by  several  yards,  two  brick  stoppings  were  put  in  at  each 
side  of  the  fire  at  a  distance  of  G  yards,  and  three  sets  of  12-inch  air-pipea 
were  boilt  into  them,  the  whole  of  the  interior  between  the  dams  being 
filled  up  with  sand.  In  this  way  the  air  was  cut  off  from  the  fire  without 
stopping  the  ventilation  of  the  workings. 

As  a  rale,  however,  there  is  no  excuse  for  this,  as  even  in  a  good 
current  of  air  there  will  be  several  days  warning,  aft«r  the  "firestink" 
(as  it  is  called)  is  first  detected,  before  it  developes  to  such  an  extent  as 
to  make  it  absolutely  necessary  to  dam  off  the  place. 

The  writer  was  obliged,  a  few  months  ago,  to  open  out  a  whole  district 
which  had  been  "stanked  off"  (as  the  phrase  of  the  district  is)  for  over  a 
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year,  and  on  approaching  the  old  air-way  the  heat  became  intolerable  and 
the  firo  was  burning  as  badly  as  ever.  A  new  air-ivay  was,  however, 
driven  within  a  few  yards  of  the  old  one,  and  as  soon  as  the  heat  permitted, 
the  old  air-way  was  opened  and  at  every  stenton  a  dam  of  sand  was  pnt  in. 
By  dint  Hfterwarda  of  lining  the  whule  goaf  at  the  working  face  with  sand, 
the  fire  was  snccessfnliy  paescd,  and  has  since  bet^ome  extinct.  It  may  be 
added  that  no  material  is  fonnd  to  suit  the  purpose  of  damming  off  the 
air  80  well  ns  the  sand,  clay  being  by  no  means  so  good. 

COLLIERIES. 

The  general  aspect  of  u  Warwickahire  colliery  does  not  show  great  ' 
promise  in  comparison  with  tlic  larger  collieries  of  South  Torkahire^  ' 
Lancashire,  and  the  North  of  England,    it  is  veiy  unngnal  to  find  tlie 
shafts  more  than  i)  feet  in  diameter,  and  these  have  in  many  cases  been  1 
sunk  by  untrained  men,  and  great  trouble  lias  in  coneequcnc-c  occurred  in.  j 
shaft  repairs,  to  say  nothing  of  the  fact  that  many  of  these  sha^a  have  | 
been  sank  out  of  plumb  and  in  some  cases  are  only  cased  with  dry  brick. 
This  is,  of  course,  due  to  the  old  system  of  working  only  small  areas  to 
one  pit.     The  shafts  are,  as  a  rule,  fitted  with  a  double-decked  cage, 
holding  one  tub  on  each  deck,  and  the  guides  employed  are   almost 
invariably  wooden  guides,  5  inches  by  3  inches,  made  of  pitch  pine  and  1 
secured  to  buntons  fired  in  the  shaft  sides  every  6  feet. 
UENERAL  PLANT. 

The  general  plant  of  a  colliery  is  also  of  anything  but  modem  cod- 
Btroction.    The  boilers  are  generally  the  old  egg-ended  ones  and  of  very   I 
large  diameter,  and  the  winding  engines  are  chiefly  vertical  and  of  some- 
what ancient  construction. 


The  consumption  of  timber  in  all  the  scams  except  the  Beven-feet  i> 
remarkably  low,  and  at  one  colliery  with  which  the  writer  is  acquainted  is 
as  low  BB  jd.  per  ton  for  the  Slate  coal  and  Two-yard.  In  the  main 
roatls  larch  is  generally  used,  but  the  Wamickshire  colliers  are  by  no  means 
expert  in  timbering,  and  the  fitting  and  nicking  of  a  set  of  timber  is  seldom 
properly  done.  Where,  however,  the  inclines  and  roads  have  been  care- 
fully driven  and  snfficient  coal  left  overhead  and  underfoot,  they  require 
very  little  doing  bo  them. 

TUBS. 

The  tnhfl  generally  used  are  very  small  and  not  as  a  rule  more 
18  inches  deep.     Tlie  consequence  is  that  they  only  hold  from 
cwts.  of  coal. 


i  than    ^M 
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DIVISION  OF  COAL. 

The  coals  produced  are  generally  ia  very  large  linnpB,  but  are  iiot 
selected  in  tbe  pit,  except  in  special  cases.  They  are  all  filleii  bj  band, 
and  OS  very  little  slack  is  made  in  working  the  coa!,  it  rarely  amounts  to 
more  than  from  7  to  8  per  cent,  of  the  whole  output  sent  to  bank. 

Screens  are  of  comparatively  receut  introduction  in  this  district.  It 
is  usual  to  handpiuk  the  coal  from  each  seam,  tbe  best  house  coals  being, 
86  a  rule,  carefully  packed  to  prevent  breakage;  thus,  the  pit  top  is  gen- 
erally laid  out  on  the  same  system  as  in  Nottinghamshii'e.  Referring  to 
Plate  XL,  which  is  the  surface  plan  oi  one  of  the  collieries  of  the  district, 
it  will  be  aten  that  there  are  three  lines  of  wagons  which  can  be  loaded 
from  four  lines  of  tubs.  These  tubs  pass  along,  and  the  hard  and  soft 
qualities  are  picked  out  separately  for  steam  and  house  purposes,  while 
the  remainder  of  the  coal,  called  tab  bottoms,  together  with  what  little 
alack  is  drawn  out  of  the  pit,  is  taken  away  to  the  screens.  These  screens 
being  at  a  higher  level,  it  is  necessary  to  have  a  steam  hoist  or  an  inclined 
gangway  working  with  an  endless  chain,  or  some  other  such  device  for 
raising  the  tubs  to  the  right  height,  Tbe  tub  bottoms  arc  generally 
divided  into  cobbles,  nuts,  and  small,  but  in  some  cases  are  sold  altogether 
as  rough  slack.  This  system,  of  course,  requires  a  great  many  hands  and 
a  great  many  tubs  on  the  bank. 

The  following  list,  which  is  a  division  of  the  coal  at  one  of  the  chief 
collieries,  shows  what  a  large  number  of  difiercnt  kinds  of  coal  arc  made 
while  working  three  seams: — 


Bert  Deep  Cobble*       „        ...  8  0 

Scrwued  Cobblca  „         ' 6  6 

BrigbtB  6  0 

But  Slate  7  0 

BertTwu-jard  „         7  0 

EU  CoBl  Spiira  St«ain  C<i>l R  3 

Hud  Two-jud  „         6  3 

BtMmCoal      5  ti 

Nnt«      e  0 

Roogh  SUclc 3  6 

Kiiiu  Slack       1  9 

This  mode  of  selecting  the  coal  by  hand  is  found  to  suit  the  market 
beat,  and  when  well  organised  is  not  so  expensive  as  it  wonld  seem. 
With  the  use  of  a  screen  for  slack  and  tub  bottoms,  the  cost  is  about  Sjd. 
per  ton,  luchiding  weighman  and  bank  foreman^  the  latter  personage 
being  very  necessary  to  prevent  the  difilrent  qualities  Ijoiiig  carelessly 
miied. 


158  NOTES  OS  THE  WARWICKSHIRE  COAL-FIELU. 

MODE  OF  WORKING. 

The  moBt  usual  mode  of  workiug  is  that  known  as  "  forewinning." 
Plate  X,  gives  a  eketfh  of  the  uBuai  method  of  lajiDg  out  the  workiugs 
at  a  Warwickshire  coUitry,  aud  it  will  be  eeeii  tliat  the  pit  is  sunk  to 
some  distance  below  the  seam,  and  a  long  fiat  or  kip  in  the  line  of  dip  ia 
made  across  the  measures  to  cnt  the  coah  After  the  rise  coal  has  been 
worked,  the  main  incline  is  driven  to  the  dip  boundary  or  to  a  considerable 
distance,  sometimes  900  yards,  The  coal  is  then  opened  out  and  hroiight 
bock  from  here  in  two  large  stalls,  which  are  sometimes  as  much  as  100 
yards  wide,  but  as  a  rule  do  not  exceed  250  yards.  When  this  district  ia 
finished,  slant  roads  are  started  out  and  the  rope  taken  down  each  of  them, 
but  tfae  working  faces  are  generally  brought  back  as  square  as  possible,  so 
as  to  keep  the  two  sides  of  the  stall  of  equal  length.  Id  this  way  the  old 
goaf  roads  are  left,  behind,  and  the  coal  is  gradually  broi^ht  Wk  to  the 
pit  bottom.  The  great  objection  to  the  method,  however,  is  the  impossi- 
bility of  acquiring  more  coal  in  future  to  the  dip,  as  tlie  old  drifte  through 
the  goaf  could  not  be  well  maintained,  and  the  risk  of  underground  fires  ia 
the  goaves  would  be  very  great.  In  the  southern  part  of  the  coal-field 
the  seams,  as  stuted  above,  are  very  close  to  each  other,  and  in  thut  case 
it  is  usual  to  work  two  or  more  seams  at  a  tiuic,  as  shown  in  Plate  X. 
At  one  colliery  there  are  four  distinct  faces  of  coal,  each  400  yards  long, 
as  shown  in  Fig.  2,  Plate  XI..  and  the  Two-yard,  Rider,  EU  Coal,  and 
Slate  Coal  Seams  are  worked  one  in  front  of  the  other.  The  mode  of 
procedure  in  this  case  is  as  follows: — Two  main  Inclines,  one  intake  and 
the  other  a  return,  are  driven  out  to  the  boundary,  say,  a  distance  of  700 
or  800  yards,  in  the  lowest  of  the  four  seams,  and  a  face  on  each  side  is 
then  opened  out  in  each  seam.  Each  of  these  eight  faces  may  be  holed 
every  day,  and  about  5(J  or  GO  tons  of  coal  may  be  easily  drawn  and 
delivered  on  the  flat  A  B  from  each;  the  tubs  are  then  pushed  forward  to 
the  end  and  attached  to  the  incline  rope,  which  takes  from  12  to  15  tabs 
at  a  time,  the  inclination  being  about  1  tn  5.  It  is  therefore  good  work 
for  one  engine  to  do  about  400  tons  per  day  up  an  engine  plane  of  this 
length.  It  will  be  seen  that  there  are  headings  between  the  seams,  so 
that,  if  necessary,  the  coal  ftom  one  seam  may  be  drawn  along  the  face 
of  another  should  a  fall  occur. 

Another  mode  of  working  is  the  ordinary  long-wall  method,  as  puraned 
in  Derbyshire,  and  consists  of  driving  ont  a  pair  of  headings,  the  pillar 
that  is  left  between  them  not  exceeding  12  yards  in  thickness,  which  is 
quite  enough  to  maintain  the  main  roads.  Workings  are  then  opened 
out,  with  goaf  roads  every  5o  or  CO  yards  and  a  cruss-gate  every  100  yards, 
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and  the  coal  is  delivered  to  main  rolleyway  by  ginneya,  which  do  not,  as 
ft  rule,  take  more  tbim  two  or  three  tubs  at  a  tune.  This  method, 
however,  ie  not  found  to  be  so  cheap  as  the  foriaer  method,  on  aceount  of 
the  large  amount  of  repairs  required  in  the  goaf  roads,  the  mof  being,  in 
most  cases,  very  poor.  It  is,  however,  the  most  convenient  method  of 
working  to  the  rise  where  there  is  any  coal  left. 

VENTILATION, 

In  the  forewinning  method  the  ventilation  is  very  simple.  It  is  taken 
down  the  main  incline  and  proceeds  along  the  face  of  the  last  seam, 
returning  along  the  next  one,  as  shown  by  the  arrows  in  Plate  X.,  until 
finally  the  two  currents  join  at  the  air-crossing  and  proceed  up  tlie  return. 
In  this  way  it  will  be  seen  that  there  is  little  danger  of  epontaneous  com- 
bnation,  aa  the  air-ways  are  continually  changing.  As  the  faces  proceed 
very  slowly  it  is  only  oecasioually  that  they  change  the  flat  bottom. 
"ftTien  this  is  done  it  is  moved  forward  about  20  yards,  or  even  more,  at  a 
time,  and  in  the  meantime  the  faces  at  the  roadside  have  got  rather 
behind-hand  and  are  then  worked  up  quickly.  It  ia  sufficient  to  place 
double  slieetB  at  the  entrance  to  all  the  faces  to  force  the  air  round 
snfficiently.  As  there  is  no  gas  the  current  of  air  is  generally  small,  so  as 
not  to  provoke  fires.  The  ventilation  is  generally  produced  by  means  of 
a  furnace,  and  as  a  large  portion  of  smaU  coal  is  necessarily  left  iiiider- 
gronnd,  this  is  perhaps  the  chejipcst  method.  The  furnaces  ore  not,  as  a 
rule,  of  good  construcliuo,  and  have  no  side  passages, 

HEADING. 

The  cost  of  driving  headings  is  exceedingly  high,  and  this  it  ia  be- 
lieved, is  chiefly  due  to  the  great  importance  of  di-iving  the  inclines  or 
hills  as  they  are  called,  vei'y  carefully  at  first,  to  sai'c  future  maintenance. 
A  good  portion  of  coal  is  always,  where  possible,  left  both  overhead  and 
underfoot,  and  shots  are  never  allowed  to  be  fired  for  fear  of  disturbing 
this  roof  coal.  Main  dip  inclines  generally  cost  about  8a.  per  yard, 
level  road,  C  feet  by  6  feet  and  abort  air-ways  4  feet  square,  &s.  per  yard. 
Where  the  aeam  is  thin,  it  is  regarded  as  of  main  importance  to  leave 
coal  on  the  floor  to  prevent  subsequent  creeping. 


The  hauling  engine  is  generally  placed  on  the  surface,  and  the  rope  ib 
taken  down  the  shaft  in  lioxes.  This  causes  the  coal  to  be  delivered 
immediately  at  the  pit  bottom.    Aa  the  speed  ia  often  over  12  miles  aa 
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hoar  and  the  incliuatiuii  considerable,  the  duration  of  the  rope  is  gea- 
erally  very  short.    At  one  colliery,  the  main  engine  plane  ifi  eaccesafully 
worked  with  tiro  ropes  and  two  roads,  tlie  ropes  working  together  and 
drawing  the  coul  first  tip  one  side  and  then  up  the  other,  which  enables  &  I 
much  larger  quantity  to  be  drawn.    The  ropes  at  the  top  have  to  be  pat  I 
nudenicath  and  over  short  pieces  of  rail,  which  take  out  for  the  purpose,  1 
each  time  as  they  arc  coming  iip  or  soing  down. 

There  arc  no  endless  chains  underground,  and  only  one  inatanoe  of  k  J 
tail  rope,  which  is  worked  by  compressed  air, 

OETTINO  COAL. 

The  division  of  labonr  in  a  stall  is  generally  carried  to  a  very  great  1 
excess.    It  is  customary  for  the  hoiera  or  getters  to  go  down  the  pit  at  4  I 
a.m.,  and  hole  a  quantity  of  coal  ready  for  the  fillers,  who  come  at  7  a.m.  ] 
A  stall  50  yards  long  has  two  contractors,  who  employ  themselves  in 
blowing  down,  getting,  and  breaking  up  the  coal,  five  getters  and  four 
fillers;  where  the  stalls  are  80  yards  long,  these  numbers  are  much  higher. 
As  soon  as  the  coal  has  been  holed  a  yard  under,  the  holers  move  forward 
and  at  seven  o'clock  the  getter-down  knocks  out  the  Kprags,  and  if  neces- 
sary puts  in  a  few  shots  and  gets  the  coal  down.    The  foremost  filler  then 
brings  his  tub  along,  and  two  fillers  fill  at  once  by  hand,  the  slack  (with 
the  exception  of  that  of  the  Seven-fcct  Scam)  beirg  thrown  back  in  the 
goaf.    After  the  day's  work  is  done,  the  timbenueu  and  repairers  come  J 
down,  make  np  the  pncks,  move  the  timber,  and  generally  set  the  place  I 
in  order  for  the  next  day.    The  consequence  of  this  is  that  nhile  nothing- 1 
works  better  when  all  the  men  attend  their  work  regularly,  yet  if  a  single  I 
getter  is  away,  the  output  of  the  stall  is  seriously  diminished,  as  Uie  fill^s  J 
are,  as  a  rule,  inexperienced  in  holing,  and  are  consequently  thrown  idle  I 
before  the  end  of  the  day.     Payment  is  by  the  ton,  the  two  contractors  J 
taking  the  risk;  the  price  for  small  averages  about  one-third  of  the  price  I 
for  large.    This  price  includes  timbering,  packing,  and  all  repairs  of  every  1 
kind  except  ripping  the  goaf  road. 


The  wages  in  this  district  are  distinctly  very  low,  and  it  has  been  &n 
arrangement  between  the  masters  and  men  (hat  getters,  fillers,  and  day- 
men workiug  ut  a  colliery  shall  be  paid  according  to  the  standard  price. 
This  arrangement  ip,  however,  only  strictly  kept  to  in  the  case  of  the 
getters.    The  contractors  alone,  and  Ihose  colliers  who  undertake  hend- 
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ings,  have  the  power  of  making  extra  wages.  The  holers  have  a  certain 
stint  work,  generally  about  5  to  6  yards  long  and  1  yard  deep,  for  a  day, 
and  can  of  course  work  extra  if  they  wish. 

Th^  banksmen  are  also  paid  at  a  very  low  rate,  and  the  enginemen  and 
fitters  are  very  much  lower  than  in  the  North  of  England.  The  hours 
underground  are  from  seven  till  four,  with  forty  minutes  for  dinner  in  the 
middle  of  the  day,  but  the  men  have  a  very  bad  privilege  of  going  down 
the  pit  and  to  their  work  in  the  masters'  time,  and  returning  in  their  own, 
after  four  o'clock.  The  getters  go  down  at  four  o'clock,  and  generally 
have  the  opportunity  of  coming  up  at  half-past  eleven  during  dinner-time, 
^fhe  banksmen  work  the  same  hours,  but  the  mechanics  work  ten  hours. 

The  following  list  of  wages  may  be  interesting : — 


HOOTB. 

B.     d 

8. 

d. 

Winding  enginemen       

12 

4    9 

Hauling          ,,               

12 

3  10 

Stokers     

12 

3     0 

Banksmen            

9 

2    9 

2 

7i 

Getters     

8 

3     6 

FiUers      

9 

3     6 

3 

2 

Repairers 

9 

3     8 

3 

6 

Day-men 

9 

8    6 

8 

0 

Onsetters 

9 

3  10 

Carpenters           

10 

4    2 

4 

0 

Blacksmiths         

10 

4    6 

4 

0 

Strikers     ... 

10 

3     4 

Tub  rejiairers       

10 

2    9 

Labourers  on  surface     

10 

2    9 

This  is  the  standard  wage  on  which  at  the  present  time  there  is  an 
advance  of  5  per  cent.,  given  in  1882. 


GENERAL. 

Warwickshire  is  fortunate  in  being  placed  at  the  lowest  railway  rate  to 
London,  viz.,  6s.  4d.  per  ton,  and  this  is  Is.  less  than  Staffordshire  and 
Shropshire,  and  2s.  less  than  Yorkshire  and  Lancashire.  The  quality  of 
the  coals,  however,  makes  them  unsuitable  for  the  London  house  trade, 
as  they  are  very  smoky,  dull  in  appearance,  and  unfortunately  possess  a 
white  ash.  They,  however,  burn  very  freely  and  well,  and  most  seams 
produce  a  very  excellent  and  hard  steam  coal,  the  best  portions  of  which 
are  much  liked  for  locomotive  purposes.  It  is  quite  useless  as  a  gas  coal, 
as  although  it  appears  to  contain  a  fair  proportion  of  gas  ard  bituminous 
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matter,  yet  it  is  entirely  deyoid  of  the  property  of  caking.  The  price, 
however^  is  exceedingly  low,  and  the  list  of  prices  attadied  to  the  different 
qualities  of  coal  above  give  a  fair  estimate  of  the  average  price  obtained 
by  a  Warwickshire  colliery  during  the  year. 

At  most  collieries  there  is  a  sick  and  accident  dub,  to  which  all  sub- 
scribe threepence  per  week.  This,  however,  does  not  admit  of  the  men's 
families  being  attended,  and  they  are  not  able  to  save  enough  to  be  able 
to  erect  suitable  club  buildings,  as  is  so  often  done  in  other  districts. 


Voi.jaum'i^rBvi 
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PROCEEDINGS, 


GENERAL  MEETING,  SATURDAY,  JUNE  Uth,  1884,  IN  THE  WOOD 
MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEORGE  BAKER  FORSTER,  Esq.,  Pbesident,  in  the  Chaib. 


The  Secretary  read  the  minutes  of  the  last  meeting  and  reported 
the  proceedings  of  the  Council. 

The  balloting  list  for  the  annual  election  of  oflScers  in  August  was 
submitted  to  the  meeting  in  accordance  with  Rule  21. 

The  following  gentleman  was  elected,  having  been  previously  nomi- 
nated. 

Associate  Membeb — 
Mr.  Thomas  Pbest,  Pease's  West  CoUieries,  by  Darlington. 

The  following  gentlemen  were  nominated  for  election : — 

Associate  Mehbebs — 

Mr.   Edwabd    Robebt    Fisheb,  M.E.,   Cleveland  Terrace,  Walters  Road, 
Swansea. 

Mr.  T.  Shipley,  M.E.,  New  Copley  Colliery,  Cockfield. 

Student — 
Mr.  Geoboe  Edwin  James  McMubtbie,  Towneley  Collieries,  Ryton-on-Tyne. 


Professor  Lebour  read  the  following  paper  ''  On  the  Breccia-gashes 
of  the  Durham  Coast  and  some  recent  Earth-shakes  at  Sunderland." 
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ON  THE   BRECCIA-GASHES  OF  THE  DURHAM  COAST  AND 
SOME  RECENT  EARTH-SHAKES  AT  SUNDERLAND, 


r  a.  A.  LEBODR,  M.A.,  P.O.S., 
TOK  Dunaui  OobLmi  or  Sciiiiu^  BmiroMC[.tDrt>s-Tntr. 
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Thk  tuwa  of  Sunderland  ia  built  upon  the  Permian  Magnesian  Lime- 
stone. The  latter  (with  its  subordinate  marl-ulate)  reate,  the  veiy 
irregnlar  and  sometiraea  abaent  yellow  sanda  of  tbe  Permian  alone  inter- 
vening, upon  a  denuded  aurface  of  Coal -Measures.  Tlio  total  thiokneBS 
of  the  MagDcaiaii  Limestone  at  its  maximum  may  be  eatimated  as  being 
not  much  over  BOO  feet,  but  at  Sunderland  tbe  uppermost  portion  of 
the  deposit  is  absent.  The  amount  of  that  roek  preseut  there  is  between 
SuO  and  400  feet.  There  is  very  little  southerly  dip  in  the  limestone,  but 
there  ia  some,  and  the  best  way  to  aaoertaiu  the  nature  of  those  portions 
which  underlie  the  town  is  therefore  to  study  the  beds  as  they  crop  out  in 
the  beautiful  cliff  sections  to  the  north,  between  the  Wear  and  the  Tyne. 
Theae  rocks  arc  so  atrange  in  atructure,  and  bo  striking  bj  reason  of  the 
variety  of  their  forma,  that  Ihcy  have  been  described  in  many  valuable 
papers,  by  the  late  Professor  Sedgwick,  Mr.  R.  Howse,  Mr.  J.  W.  Kirkby, 
and  others.*  It  is  not  intended  in  the  pre^nt  paper  to  repent  what  has 
been  so  well  and  so  often  said  before,  but  simply  to  draw  special  atten- 
tion to  one  of  the  strangest  and  most  striking  of  the  developments  of  the 
Magneaian  Limestone  as  displayed  in  Marsden  Bay. 

There,  between  the  north  end  of  the  bay  and  the  little  inn  in  tbe  diGF 
at  its  southern  extremity,  no  fewer  than  fifteen  maaacs  of  breccia  are  most 
clearly  shown  in  the  lofty  cliff-section. 

Now,  a  breccia  is  a  rock  composed  of  angular  fragments  more  op 
less  firmly  cemented  together.  Just  aa  in  a  gravel  or  conglomerate,  the 
rounded  pebbles  prove  them  to  have  come  from  a  diatauce  and  to  have 
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been  exposed  to  water-wear,  bo  in  b  breccia  the  sharp  edges  snd  roDgh 
fracture -faces  of  the  enclosed  stones  ahow  that  thej  lie  at  or  very  near 
the  place  where  they  were  broken  up,  or  else  that  they  have  been  preserved 
from  attrition  by  special  conditions,  as,  for  instance,  by  means  of  ice  or 
lava. 

In  the  present  case  neither  ice  nor  lava  need,  or  can  be,  brought  in  as  , 
having  helped  to  forni  the  breccia.  The  fragments  are.  in  fact,  of  the  same 
material  as  the  solid  rock  forming  the  mass  of  the  clilF — Magnesian  Lime- 
stone. Moreover,  the  cemcniing  matter  which  binds  the  fragments 
together— and  binds  them  so  closely  that  it  is  sometimes  easier  to  break 
the  enclosed  Btones  than  the  cement  that  holds  them — is  Magnesian  Lime- 
Btoue  too.  But  yet  there  is  a  difference.  For  whereas  the  broken  bits 
of  rock  have  all  the  varying  character  of  structure  and  texture  of  the 
neighbouring  beds  from  which  they  have  clearly  been  detached,  the 
matrix  in  which  they  lie  is  more  or  less  amorphous.  These  breccias  are 
exposed  on  the  cliff-face  between  walls  of  ordinarily  bedded  Magnesian 
Limestone,  and  present  the  following  peculiarities: — Sometimes  they  611 
a  mere  fissure,  a  few  feet  at  most  in  width;  sometimes  a  broad  one  many 
yards  across.  Sometimes  a  breccia-filled  fissure  is  nearly  of  cqnal  breadth 
from  top  to  bottom  of  the  cliff;  sometimes  its  upper  termination  {which 
is  almost  invariably  broad)  and  sometimes  its  lower  extremity  (which  is 
almost  invariably  narrow)  is  cx|xi8ed  in  the  cliff;  sometimes — though 
more  rarely — both  top  and  bottom  are  shown.  In  some  cases  the  broken  I 
fiitgraentB  within  the  fissures  can  lie  traced  graduating  through  semi- 
brecciated  portions  of  beds  to  wholly  undisturbed  strata  in  the  walls  or  ] 
fiBsure- cheeks.  When  the  top  of  a  fissure  is  exposed  in  section  the  breccia  ' 
is  also  seen  nsnally  to  pass  gradually  upwards,  first  into  semi-brceciated 
matter,  and  finally  to  undisturbed  or  only  slightly  synclinal  bode  bridg- 
ing over  the  mass  of  broken  rock.  ^Vhcre  the  entire  transverse  section 
of  a  fissure  is  exposed  it  is  seen  to  be  a  deep  V-shaped  ravine  or  gullet, 
tapering  to  a  point  below,  and  the  rocks  below  it  are  wholly  undisturbed. 
Such  a  case  is  well  Bhown  very  near  the  inn  in  the  cliff.  i 

The  varieties  of  breccia-gasbes"  enumerated  alwve  are  illustrated  by   I 
diagrammatic  Bketches  in  fJate  XIL,  Figs.  1, 2,  3,  and  i,  whilst  tJie  nature   i 
of  the  breccia  itself  is  shown  in  Plate  5III,,  which  has  been  drawn  fiom 
ft  photograph  of  one  of  the  largest  gashes  near  the  north  end  of  Marsden 
Cay,  kindly  taken  for  the  writer  by  Mr.  W.  G.  Laws,  jun.,  A.Sc. 

•  Tlie  word  S"'^  i'  »  convenient  one  used  occaiioiiBllj  bj  Usd-lniiicr*  to  pxpreu  ft  I 
&5iiurB  uiiuccompBoicil  by  diHlocotion.  See  N.  Wiiicli'a  "  Qaology  of  KiirUiamlwrland  ( 
wid  DurliBin,-  Troll*.  Gi-ol.  Sac,  Vol.  IV„  p.  30,  (181(!). 
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The  fragments  constituting  the  breccia  are  of  all  shapes  and  eizes, 
from  blocks  a  yard  or  more  in  diameter  to  the  Bmallest  grains,  but  all  are 
angular. 

U. 

Since  the  beginning  of  last  December  (1883)  it  is  welt  known  to  most 
mcmbera  of  the  Institute  that  earth  disturl>ances,  which  it  is  not  easy 
to  name  more  definitely,  have  repeatedly  alarmed  the  inhabitants  of 
oertaiu  localities  in  and  near  Sunderland.  These  disturbiinces  have,  it  is 
true,  been  repeatedly  called  "earthquakes"  and  "shocks"  in  the  local 
papers,  and  it  mnst  be  admitted  that  some  shaking  of  the  surface  and 
shocks  to  the  dwellers  in  the  affected  areas  did  undoubtedly  form  part  of 
the  manifestations.  But  the  evidences  of  deep-seated  action,  and  of 
wide-spread  effects  due  to  it,  which  are  characteristiu  of  true  earthquakes, 
have  been  remarkably  absent  in  all  published  and  unpublished  records  of 
the  occurrences.  Indeed,  the  disturbances  have  been  singularly  local — 
limited  almost  entirely  to  the  Tunstall  Road  neighbourhood  of  Sunder- 
land, and,  it  would  appear,  to  certain  linear  directions  within  that 
district.  For  some  months  the  writer  has  been  kept  informed  of  the 
successive  "shocks"  through  the  kindness  of  several  gentlemen,  among 
whom  Professor  G.  S.  Brady,  F.E.S.,  Mr.  J.  B.  Atkinson,  Mr.  W.  S. 
Harrison,  B.A.,  A.Se.,  Mr.  C.  L.  Cummings,  and  Mr.  G.  Shaw  must  be 
specially  mentioned.  The  results  of  the  information  thus  gathered  from 
various  and  independent  quarters  are  briefly  as  follows : — 

That  in  the  district  mentioned  above,  sudden  shakea  of  houses  accom- 
panied with  rattling  of  crockery  and  windows  and  in  one  ease  the 
upsetting  and  breaking  of  a  globe  off  a  chandelier,  cracks  in  the  walls, 
and  heaves  of  the  floor  have  been  felt  over  and  over  again  during  the 
past  five  months.  That  loud  noises  and  dull  rumbles  often,  but  not 
always,  were  heard  following  the  shakes.  Lastly,  that  though  in  most 
cases  there  has  been  no  difficulty  in  getting  plenty  of  corroborative 
evidence  as  to  the  character,  time  of  occurrence,  and  duration  of  the 
more  severe  shakes,  many  persons  residing  within  quite  a  short  distance 
from  the  lino  of  gi-eatcst  force  have  felt  or  noticed  nothing. 

Mr.  Chas.  L.  Cummings,  who  is,  unfortunately  for  himself  and  his 
house,  evidently  most  favourably  situated  for  the  oliservatiou  of  the 
phenomena  in  question,  and  who  has  from  the  beginning  most  carefully 
noted  all  their  details,  has  published  the  subjoined  table  which  gives  a 
better  idea  of  the  nature  of  the  disturbances  than  is  otherwise  obtain- 
able:— 


^H                                                                                 BBECCIA-QASHES.                                                ^^^^^H 

^^M                  Tablb  asow^»^  sous  of  laa  Ssooes  jm/t  ik  tbb  Localiti  op  Ttr.isTXM.        ^| 

Road,  ScirDBai.ii'P. 

■ 

■Bd 

Dmj. 

1 

lass. 

Dec    7 

Friday       ... 

2    8  p.m. 

Sadden  and  t«iTiflc  tlind,  u  il  from  bluting 

„      7 

222    „ 

„     18 

TuUd»jr  ::: 

1  ISa-m 

«oi.the7thinst. 

„     10 

WEdn<«lnj.. 

8  30    „ 

Slight  «ho«k. 

■ 

Thoredaj  ... 

8  30     „ 

Sudden,  sburp  shiiek. 

■ 

„     SO 

11  15     „ 

Very  sharp  shock. 

■ 

..     21 

Friday       ,.. 

4  32  p.m. 

^ 

Jan.  10 

Iliursday  ... 

7  20    „ 

Slight  shcMk. 

„     13 

Saturday   ... 

8  11  a.m. 

Very  jharp.  severe  Bhocki  propcrahakoirf  how«. 

»      22 

Tnceduy     ... 

4  &3     „ 

„      29 

9    7  p.m 

Slight  sbock. 

Feb.  10 

Sunday      ... 
TlinrHUy  ... 

11    7    ., 

Seiore,  startling  shocks. 

„     11 

7  17  a-ia. 

Sudden  rattling  of  bedroom  ware. 

Mu-.    2 

Simduy      ,.. 

4  20    „ 

AwoVo  by  alarroing  ihako  of  house;  tbonght 
the  walls  were  giving  way. 

>.       2 

10    0    „ 

Slight  .hock. 
Sndden,  sharp  shock. 

„       6 

Thuraday  ... 

6  56    „ 

..       6 

8  10    „ 

Severe  shock. 

..       7 

Fridky  ::: 

8  80    „ 

House  shook. 

"      12 

iueaday     ... 
W.JjR«lay.. 

4  33    „ 
2  &0    „ 

Awoke  by  a«fu]  shaking  of  bed  and  fumiabings. 

„      13 

Tburrfaj  ... 

6  S<i    „ 

^^di^k.' 

„     16 

Suoday      ... 

7  26    „ 

Sharp,  severe  shock. 

„     18 

TuB«Uj    ... 

9  £4    „ 

Sharp,  severe  shock. 

„     18 

4    4  p.m. 

Severe  shock. 

„     19 

Wednesday.". 

10  66  a.m 

Frightful  shake;  aliooxt  as  bad  as  that  of  Dec.  7. 

„      20 

Thursday  ... 

e  11   „ 

SUght  shock. 

,.     26 

Wednesday.. 

7    9    „ 

Do. 

,.     2fi 

7  11    „ 

Do. 

..     27 

Tliuraday  ... 

7  37    „ 

Do. 

,.    27 

11    7  p.m. 

Very  severe  shock,  shaking  house. 

„     29 

Satard.T   •.- 

2  12    „ 

SUght  shock. 

April   2 

Widui-sdaj., 

4  27a.in. 

Awoke  by  frightful  shock,  causing  complete 
oscillation  of  whole  lionsc. 

..       2 

8  33  p.m. 

Severe  sluwk. 

n        3 

Tlinrsday  ... 

2  45  a.m. 

SUght  shock. 

..       4 

Friday        ... 

8  3B    „ 

Do. 

..       5 

Saturday  ... 

10  46    „ 

Awfully  severe  shock;  house  shook,  windows 
rattled. 

H        7 

Monday     .. 

7  19  p.m. 

Slight  shock. 

Since  the  last  date  given  in  the  above  table  the  phenomena  have  oon- 

^H                tinned  much  in  the  eame  manner,  withont  eitlier  senEiblj  JDcreasing  or     ^H 

^H                decreasing'  in  iutcnsitj.     For  the  purposes  of  this  paper  tlie  above  facta,     ^H 

^M               conBi-med  as  thej  are  bj  numerons  independent  witnessea,  are  amply     ^H 

H                Bufficient.     It  will  only  be  necessary  to  add  thut  Mr.  W.  S.  Harrifion     ^M 

^M                infurniB  the  writer  that  n  hidy  who  heard  the  rumbles  attending  the  first     ^H 

H                notable  slioek  on  December  7th  states   that  "  it  closely  resembled  a     ^| 

BEECCIA-GA8HEB. 


169 


Bunilar  one  which  occnrred  sixteen  yeara  ago,  and  which  cnused  a  anbsi- 
dence  of  land  on  Tunstall  Rill.""  Tbis,  as  will  presently  appear,  would, 
if  properly  substantiiited,  help  to  prove  a  very  important  point. 


The  stage  which  the  present  paper  has  now  reached  is  briefly  this, 
viz.: — Certain  peculiarities  common  in  a  portion  of  the  Magnesian  Limo- 
Btone  which  underlies  Snndcrland  have  been  described,  and  certain  recent 
noises  and  tremors  of  the  ground  affecting  parts  of  that  towo  have  also 
been  called  attention  to.  It  now  remains  to  show  that  there  is  a  possible 
or  probable  connexion  between  these  two  subjects. 

In  the  first  place  it  is  clear  that  ever  since  the  Permian  cnleareona 
Breccia-gashes  of  Durham  were  first  noticed  by  geologists  tiiey  havo,  with 
TBty  few  exceptions,  proved  a  puzzle  to  all.  Winch,  writing  in  1814, 
says,  with  reference  to  them: — "  •  ■  •  and  with  this  breccia  wide  chasms 
or  intermptions  in  the  cliff  are  fiUed."t  He  attempts  no  explanation  of 
either  chasms  or  breccia. 

Sedgwick,  in  his  classical  paper  on  the  Magnesian  Limestone,  pub- 
lished in  1835,  although  he  describes  the  breccia  itself  fuUy  enough, 
scarcL'ly  does  justice  to  its  singular  mode  of  occurrence  in  Marsdea 
Bay.  All  he  can  say  as  to  its  origin  is  this: — "It  appears  then,  that 
these  breccias  are  neither  at  the  bottom  nor  at  the  top  of  the  formation 
of  Magnesian  Limestone,  but  that  they  are  subordinate  to  it;  that  the 
disturbing  forces  which  produced  them  were  violent,  mechanical,  and 
local,  and  in  some  instances  were  several  times  brought  into  action;  and 
that  they  were  not  of  long  duration;  for  the  fri^menta  of  the  beds  are 
not  wat«r-wom,  and  appear  to  have  been  re-cemented  on  the  spot  where 
they  were  formed. "J  This  is  higiily  suggestive  and,  so  far  as  it  goes, 
strictly  accurate,  but  no  hint  is  given  as  to  what  "  the  disturbing  forces  , 
which  produced"  the  brecciated  rock  might  be, 

Sir  Charles  Lyell,  in  a  letter  to  Leonard  Horner,  dated  September  Ist, 
1888,  thus  refers  to  the  coast  at  Maraden  wliich  he  had  just  visited  for 
the  fiist  time : — "  The  coast  scenery  was  very  grand,  and  the  brecciated 

*  There  is  also  some  lesa  dcSnito  evidence  of  ebocks  of  much  tbo  aame  chBracter 
having  Uken  place  in  or  □cur  Sunderland  about  eleien  jearg  ago.  luformation  u  U> 
Mj  occurrences  of  thin  kind  prior  to  1883  would  ba  verj  thaoktullj  received  bj  the 

t"Qeolog7  of  Northnmberland  and  Durham,"  Trans.  Geol.  Soc.,  Tul.  IV.,  p.  6, 
{181C). 

X  "  On  the  Geological  RelatiouB  and  Internal  Structure  of  the  Mi^caittn  lim»- 
»tone,"  Trans.  GeuL  Soc,  Series  3,  Vol,  III.,  p,  S2  (lM;;ej. 
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form  of  tho  Magnesian  LimeBtone,  which  is  an  aggregate  of  angular 
masaes  of  iteelf,  as  if  broken  up  and  reconsolidated  t>i  sHu."' 

At  a  later  date,  in  liis  "  Elements  of  Geology,"  LyoU  recurred  to 
the  subject  in  greater  detail,  bnt  came  to  no  conclusion.  Ho  writes . — 
"  •  •  ■  but  tbc  Bubject  is  very  obscure,  and  studying  the  filienonienon  in 
the  Marstoii  [i>.,  JUradcn]  rocka,  on  the  coast  of  Durham,  I  fonnd  it 
impossible  to  form  any  positive  opinion  on  the  BHbject."t 

In  1803,  ill  thiir  useful  "  Synopsis,"  Messrs.  Howse  and  Kirkby  were 
the  first  to  offer  an  explanation  of  the  breccias  in  question.  After  men- 
tioning the  chief  dislocations  of  the  district  they  add : — "  But  besides 
the  funlta  above  mentioned,  thci-e  are  of  course  numerous  minor  breaks 
affecting  the  limestone,  some  of  which  possess  considerable  geological 
interest.  Sometimes  these  latter  take  the  form  of  rubble  or  breccia 
dykes,  the  space  between  the  nails  of  the  fitsure  being  filled  irregularly 
with  large  and  small  angular  blocks  of  limestone,  cemented  together  with 
a  calcareous  paste.  Remarkable  examples  of  these  occur  ou  the  coast 
between  the  Tyne  and  the  IVear,  one  of  the  best  being  the  "  Chimney" 
just  to  the  south  of  Marsden  grotto.  The  remarkable  appearances 
presented  by  these  breccias  at  Marsden  may,  we  think,  be  explained  by 
the  filling  up  of  large  lissurcs  and  chasms  with  broken  fragments  of  the 
Buperincumbent  strata,  and  may  perhaps  be  safely  attributed  to  earth- 
quake action  on  these  rocks  at  an  early  period."t 

The  late  Professor  David  Page,  who  had  spent  some  years  of  early 
life  at  SuDderliind,  and  therefore  knew  the  coast  details  well,  more  tJian 
once  in  conversation  with  the  writer  expressed  his  acceptance  of  the 
earthquake  theory  as  accounting  for  the  Brcceia-gaahes. 

So  much,  then,  at  present,  as  regards  the  attempts  which  have,  bo  far, 
been  made  to  clear  up  their  origin.  Many  more  suggestions  have  been 
made  respecting  that  of  the  Sunderland  earth-shocks. 

Very  naturally,  in  the  first  moment  of  local  excitement,  the  thonglits' 
of  many  were  turned  towards  the  collieries,  many  of  which  it  was  well 
known  extend  widely  in  the  Coal-Measarcs  beneath  the  Permian  rocks. 
It  was  hinted  that  the  shocks  might  have  been  caused  by  shot-firing  or 


I 


)f  Sir  Clmrlea  Lyi-ll.  llart."  Vol.  II.. 
lie  pUKsBgo  ngipearB  oa  given  botb  ii 


i3  (1831). 


■  "  Life,  liuttere,  and  Juumuls  ol 

t  Stli  edition  (1865),  p.  475. 
later  editiuiu. 

J  K.  Howae  anil  J.  W.  Kirkby,  "  A  Sjnopiia  of  the  Oeolngy  of  Dnrliiui  and  [wt  of 
Noi-thumbcrlftiiii,"  p.  18  (1863).  Tlio  tcnn  rfy*e  h  verj  ilescriptive,  but  u,  geuli^catly 
■peaking,  it  ia  ftlmoat  invai-inblj-  asanoiuted  with  ijitruiioii  from  below,  it  Uaa  bwn 
thought  better  not  to  applf  it  to  flasarea  wliluli,  whatever  their  origin,  vera  certuDlj 
aUwl  from  above. 
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by  falls  of  stone  in  neighbouring  pits.  As  the  Montwearmouth  Colliery 
was  the  nearest,  the  manager  of  that  colliery,  Mr.  Parringfcn,  replied  to 
the  inqniricB  which  were  raade  on  the  subject  in  the  daily  papers,  by 
explaining  that  bis  working  did  not  nuderlie  the  area  affected  by  the 
Bhock,  and  that  there  was  no  blasting  going  on  in  them.  This  answer, 
conpled  with  the  great  depth  of  the  colliery  in  queation,  satisfactorily 
settled  the  underground  shot-firing  theory;  but  in  his  letter  Mr.  Parring- 
ton  suggested  another  to  take  its  place,  and  attributed  the  occurrences  to 
the  eiistence  of  natural  water-blasts  in  the  body  of  the  Magnesian  Lime- 
stone. Others,  also  well  acquainted  with  that  rock,  have  adopted  that 
view. 

Then  blasting  operations  in  quarries  were  proposed  aa  likely  causca, 
but  many  good  reasons  (e.g.  the  quaiTies  not  being  worked  at  tlie  time, 
many  of  the  shocks  being  felt  during  non-working  hours  on  week-days, 
also  sercrol  times  on  Sundays,  etc.),  soon  repelled  that  accusation. 

That  the  shocks  were  true  earthquake  shocks  was  sufficiently  dis- 
proved by  their  extreme  localization,  and  the  clear  indication  which  they 
give  of  an  action  the  reverse  of  deep  seated. 

Lastly,  the  withdrawal  of  water  previously  filling  up,  and  therefore 
also  to  a  certain  extent  helping  to  sustain,  the  walls  and  ceilings  of 
cavities  within  the  limestone,  and  the  conEequeut  falling  in  of  soch  walls, 
have  been  pointed  to  (tliough  not,  to  the  writer's  knowledge,  in  print)  aa 
capable  of  producing  the  effects  observed.  This  possible  explanation  has 
not  been  in  any  way  disproved,  and  deseiTes  carcfu!  consideration. 

That  the  Magnesian  Limestone  is  riddled  with  cavities  of  every  size 
and  shape  is  locally  matter  of  common  knowledge.  Nor  can  it  be  said 
that  the  origin  of  many  of  these  cavities  is  difficult  to  trace.  In  some 
cases  the  smaller  of  them  are  due  to  the  original  "vuggj"or  ceUular 
character  of  the  stone — a  character  which  is  intimately  related  to  its 
eminently  water-holding  qualities.  But  the  larger  cavities  arc  often  true 
caverns  formed  by  the  double  action  of  mechanical  and  chemical  agencies, 
and  that  these  agencies  are  still  at  work  in  tlie  manufacture  of  such 
caverns  there  is  abundant  evidence  to  show.  How  readily  the  Magnesian 
Limestone  is  acted  on  by  mechanical  agents  of  denudation  and  waste  is 
shown  by  the  numerous  caves  along  the  shore.  All  these  combine  the 
typical  characters  of  sea-caves  as  enumerated  by  Professor  W.  Boyd 
Dawkins,  F.R.S.,  viz.,  they  have  fiat  or  scsircely  sloping  floora,  and  are 
usually  widest  below.  They  seldom  penetrate  far  into  the  cliff,  and  their 
entrances  are  in  the  same  horizontal  plane  (that  of  the  beach  at  high- 
water  line,  whether  that  beach  be  the  present  one,  or  an  ancient  one  or 
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raisfd  beach).*  Sucli  cavea  are  evidently  to  a  much  greater  degree  the 
work  of  the  moving  shingle  and  sand  than  of  the  acid-water  to  which  they 
iieverlhelosa  in  some  slight  degree  also  owe  their  production.  But  thesa 
sea-margin  caverns  are  insignificant  when  compared  with  the  coantless 
gullies,  gashes,  and  holes  of  every  description  which  cut  the  internal 
body  of  the  limestone  through  and  through.  The  history  of  the  latter  is 
different.  Many  of  them  may  be  accounted  for  by  noting  how  frequently 
mogacB  both  lurge  and  small  and  of  the  moat  irregular  forms  of  soft 
pulverulent  earthy  matter  occur  in  the  midst  of  the  hardest  and  most 
compact  portions  of  the  limoatone.  An  afternoon's  walk  along  the  face 
of  the  South  Sbields  quarries,  between  that  town  and  Marsden  Bay,  will 
render  Ihia  sudden  utter  change  of  texture  in  the  stone  patent  to  any 
one.  How  easily  such  soft  and  incoherent  material  can  be  removed  by 
the  merest  percolation  of  rain-water  needs  no  proof,  and  that  caverns 
would  resnlt  and  have  resulted  from  such  removal  is  also  clear.  This 
action  is  indeed  chiefly  mechanical,  but  there  is  also  going  on  at  the  same 
time  in  the  limestone  a  continual  destruction  of  its  substance  aa  rock  by 
the  pnrely  chemical  ordinary  action  of  rain-water  on  HmeBtone.  How 
great  this  action  really  is  may  perhaps  be  beat  understood  when  it  is 
stated  that  io  every  thousand  gullona  of  Sunderland  water  there  is  nearly 
one  pound  of  lime  and  magnesia;  or,  in  other  words,  eveiy  thonsand 
gallons  of  that  water  pumped  up  represents  a  pound  weight  of  rock 
abstracted. f  In  the  course  of  a  year  the  amount  of  hard  compact  Mag- 
nesian  Limestone  carried  away  by  the  Water  Company's  works  would  not 
faU  much  short  of  forty  cubic  yards.  If  to  this  be  added  the  amount  of 
water  similarly  charged  with  lime  and  magnesia,  which  rans  off  to  the 
Bca  from  springs,  streams,  and  rivers,  the  enormous  amount  of  stone 
annually  lost  by  the  Permian  scries  in  East  Durham  can  be  better 
imagined  than  represented  by  figures.  A  cubic  foot  of  Magnesian  Lime- 
stone of  the  less  crystalline  varieties  when  saturated  holds  from  3'45  lbs. 
to  17  lbs,  of  water;  the  crystalline  forms  hold  very  little.^  This  beora 
out  the  statement  made  twenty  years  ago  in  these  Transactions  by 
Messrs.  Daglish  and  Forster,  and  confirmed  by  aU  subsequent  eiperience, 
tbat  the  feeders  of  water  met  with  iu  sinking  through  the  Magnesian 

•  See  "  Cave  Hunting/'  p.  21  (1871). 

t  The  qamnUt;  of  water  delivered  bj  the  Sunderland  and  South  Shield*  Water  Com- 
pany, and  pumped  from  au  area  of  fifty  Bquuro  mil^  ot  Permian  rock,  was  4,500,000    \ 
gvllom  pet  day  iu  1S79.     100,000  lbs.  of  Sunderlund  water  containL-d  (according  to     i 
the  Biven  Pollution  Coinmiasionera)  6'69  lbs.  of  lime  and  3*96  lbs  uf  inagQ<>aia.     St*    | 
Do  Bance,  "  Water  Supply  of  England  »nd  Wales,"  pp.  56-^9  (ISSS). 

J  Db  liance,  id.,  p.  69. 
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Limestone  "  are  derived  not  bo  mnch  by  percolation  through  the  maea  of 
the  rock — for  this  can  obtain  to  a  sniali  extent  only — but  collected  in  and 
coming  off  the  numeroiiB  gulleta  and  iiBsures  which  CTcrywhere  intersect 
and  dinde  the  mass  of  the  strata."*  These  gullets  are  often  very  large, 
such,  for  instance,  as  that  met  with  in  sinking  the  Whitburn  Colliery 
shaft  in  1874,  from  ivhicb  11,G12  gallons  of  water  were  pumped  per 
minntfi  for  a  month  at  a  timet  ***  ^J  nothing  of  the  many  other  recorded 
cases  of  the  kind  ab  Uurton  and  elsewhere;  and  the  considerations  above 
brought  forward  go  to  show  that  they  are  even  now  constantly  increasing 
in  size,  and  new  gullets  are  as  constantly  coming  into  eitiHtence. 

Here  then  are  the  conditions  to  which  it  is  desired  that  attention 
shouid  he  directed; — A  nmBS  of  stone,  mostly  hard  and  compact,  but 
cellnlar  in  places  and  earthy  and  friable  in  others;  often  cavernous  on  a 
large  scale;  full  of  water,  and  through  its  action  continually  parting  with 
ita  Bubetance,  and  thus  enlarging  the  cavities  within  it. 

By  the  mere  force  of  gravity  the  vaults  of  the  cavities  last  mentioned 
must  from  time  to  time  give  way,  and  when  that  is  the  ca^e  the  cavity 
will  become  filled  with  the  debris  of  the  superincumbent  rock.  These 
debris  will  be  angular;  they  will  lie  where  they  fell,  and  if  circumstances 
be  favourable  to  such  a  deposit  (and  on  a  cliff  coast-line  above  the  satura- 
tion level  of  the  limestone  they  are  eminently  favourable),  may  easily  in 
time  be  cemented  together  by  the  very  material  which  the  water  has 
abstracted  from  the  rock  in  the  first  instance,  and  in  such  cases  retums 
to  it,  just  as  in  other  limestone  districts  waters  which  have  hollowed  out 
cares  olleii  partly  Jill  them  once  more  with  stalactitic  matter. 

Such  falls  of  gullet-vaults  will  occur  in  time  even  when  the  cavitiea 
are  full  of  water.  If,  however,  the  water  which  they  contain  be  removed 
either  by  natural  or  by  artificial  means  the  fails  will  be  much  accelerated. 
In  whatever  way  they  have  been  caused  such  smashes  of  solid  rock  must 
prodace  violent  concussions  accompanied  hy  noise,  but  limited  in  the 
area  over  which  their  effects  would  be  felt.  In  short,  it  appears  to  the 
writer  that  to  accept  such  natural  stone-&lls  at  moderate  depths  as  an 
explanation  of  the  Sunderland  earth-shocks  is  to  accept  a  theory  coq- 
sistent  with  every  one  of  the  facts  of  the  caso. 


i.  B.  Foiatcr  "  On  the  Mag^csiun  Limeatonu  of  Durham,"  Tnnl. 
1.  Eiig.,  Vol.  XIII.,  p.  205  (1863-G4). 


•  J.  D«gl[<b   E 
North  Eogl.  Inat. 

t  J.  Dsgliah  "  On  tlic  Sinking  of  Two  Shafts  «t  Marsden,  for  the  Whitburn  Co«l 
Viminaj."  Proc.  Inst.  C.E„  Vol.  LXXl.,  p.  ISO  (1882).  Tlia  nhote  amtuut  of  witet 
included,  it  Is  but  fair  to  add,  a  oonsidemble  amount  of  salt  water  coining  profaabl; 
dircttlj  from  tho  sea. 
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But  the  thcorj  goes  further  than  thia,  and  esplains  equally  well,  the  1 
writer  thinks,  all  the  facta  connected  with  the  puzzling  Bi-eccia-gashes 
of  the  coast.    The  forme  of  these  gashes,  which  arc  gullet-shaped  and  | 
tapering  downwards,  unlike  the  fiea-caves;  tbe  breccia  with  whicli  they   1 
are  filled;  the  matter  with  which  the  fragments  are  cemented;  the  half- 
broken  beds  which  so  often  bridge  over  the  upper  portions  of  the  fissuresi 
and   the  nnbroken  beds  immediately   above   and  below  them,  which 
would   be  inconceivable  had  the  fiasurea  and  their  in-fillings  been  due 
to  real  earthquakes — all  these  things  arc  necessary  accompaniments  of 
the  rock-colIapBCB  which,  it  has  been  shown,  must  in  time  past  hare 
happened  frequently,  are  hapi)cning  still,  and  must  happen  more  and 
more  frequently  in  the  future. 


Mr.  G.  L.  OnHHiMGB  said,  that  all  he  knew  upon  the  subject  waa  < 
contained  in  the  paper.     These  shocks  had  not  been  felt  so  often  since 
the  time  referred  to.    ITor  about  a  week  the  shouks  occurred  almost  always   | 
at  midnight,  and  at  no  other  time. 

Mr,  R.  FoRSTER  asked  whether,  with  the  head  of  water  lowered,  and  I 
the  qnantity  of  stone  carried  awny  seaward  by  the  more  rapid  flow  of  1 
wat«r,  these  Breccia-gashes  would  not  be  more  likely  to  increase? 

Professor  Mekivale  did  not  see  why  these  gashes  should  be  pointed  ' 
at  the  bottom.     He  would  like  to  have  this  more  thoroughly  explained. 

Mr.  John  DiBLisn  said,  in  sinking  through  the  limestone  at 
Marsden  they  had  met  with  largo  fissures.  One  of  these,  met  with 
in  the  pit  was  bored  through  under  water,  and,  therefore,  they  never  saw 
the  fiaaurc ;  but  it  was  more  than  12  feet  wide,  At  one  time  in  going 
through  that  part  of  the  pit  the  trepan  did  not  touch  the  rock  more  than 
6  inches  on  one  side,  the  rest  was  a  cavity ;  and  when  they  came  to  fill  in 
with  cement  behind  the  tubbing  a  great  amount  of  material  was  reqnired. 
He  would  be  glad  to  put  in  the  figures  when  the  paper  wna  discuFsed. 
Thia  was  not  a  ca-vem,  it  was  evidently  a  large  fisaore.  He  presiuned 
Professor  Lebour  suggested  that  these  Breccia-gaslies  originally  had  been 
in  that  form,  and  thnt  the  surrounding  rocks  had  fallen  in. 

Mr.  Parkinqton  said,  he  was  sorry  that  none  of  the  officials  of  the 
Sunderland  Water  Company  were  present,  as  he  would  have  liked  to  have 
known  what  was  the  variation  in  the  level  of  the  water  between  the 
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BtartiDg  of  the  pninps  in  the  morning  and  the  leaving  off  at  night  at 
Humblcdon  Hill ;  for  instance,  which  waa  the  pumping  station  nearest  to 
where  the  shocks  occurred.  Professor  Lebour  had  mentioned  that  he  (Mr. 
Parrington)  had  a  theory  that  these  shocks  were  dae  to  watcr-blasts- 
in  the  gullets,  such  as  Mr.  Daglish  mentioned.*  He  (Mr,  Panington) 
thought  this  waa  rather  a  reasonable  theory.  He  lifid  had  a  conversation 
on  the  subject  a  short  time  ago  with  Professor  Warington  Smyth,  who 
made  an  apt  remark — that  if  air  pent  up  in  small  water-pipes  could 
make  the  noises  aud  shocks  they  knew  it  did,  how  much  more  would  it 
do  so  in  large  spaces  like  these  fissures.  In  the  neighbourhood  where 
Mr,  Cummings,  unfortunately  for  himself,  lived,  there  was  something 
like  00  fathoms  of  limestone;  the  head  of  the  water  was  about  20 
fathoms  below  the  surface,  and  there  was,  therefore,  about  40  fathoms  of 
water.  He  had  information — and  he  would  have  liked  to  have  asked  the 
Sunderland  Water  Company's  ofScials  if  it  waa  correct — that  the  level 
of  the  water  varied  14  fathoms  between  night  and  morning.  If  this 
was  the  case  he  thought  it  reasonable  to  suppose  that,  the  water  rising 
14  fathoms  in  a  chain  of  gullets  which  probably  existed  in  that  district, 
and  llie  air  escaping  after  being  pent  up  to  a  high  pressure  at  the  top  of 
these  gullets,  would  have  the  effcctwhich,  unfortunately,  causes  annoyance 
to  the  residents  in  the  neighbourhood. 

The  President  asked  Mr.  Parrington  if  he  thought  that  the  water- 
blasts  took  place  through  the  alteration  in  the  level  each  twsnty-four 
hours? 

Mr.  Pareikgton  said,  he  was  informed  that  the  Company  begins 
pumping  in  the  morning,  lowering  the  water  12  to  14  fathoms  during 
the  day,  after  which  the  water  rises. 

The  Pbesidekt— The  water-blast  is  generally  supposed  to  be  formed 
by  the  gases  gathered  in  llie  course  of  time,  but  not  in  one  day's  work. 

Mr.  Parringtos — If,  however,  the  water  rises  so  rapidly  in  these 
gullets,  the  pent  up  air  will  rush  out  of  the  lower  ones  as  rapidly.    A 
head  of  very  few  feet  in  the  pit  causes  the  air  to  make  a  tremendone 
lise  in  rushing  out. 

Mr,  R.  FoRSTER  said,  he  could  not  give  any  data  as  to  the  rise  and  fall 
[  Bt  the  Sunderland  Water  Company's  pumping  station;  but,  having  an 

•frtrm-i/rOBi  Paper  "  On  Ike  .Si'iiKiij  o/Iko  Shafli  at  Manden."  Bg  Join  Dag- 
lUi,  TraMM.  lailil.  Civil  Enginetr;  I8S3,  Vol.  LXXL.  p.  1SS.—-A  Urge  gullet  was 
paued  througli  in  Na  Z  Pit  at  ■  de]'tb  of  56  jarda  from  tbe  sarfsee,  the  width  nf  irhich 
wu  DMirl}  tlie  whole  dinmetfr  of  the  Slmft.     When  concreting  at  thia  point,  130  cabic 

kyardi  of  iniBll  stonei  and  concrete  were  fUlnl  in,  and  80  and  40  cubic  yiadi  at  naaller 
gnllets  lower  down  (Plate  i.  Fig.  8,)  without  unsiblj  raiting  tliG  lercl  of  tlio  concrvtc." 
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idea  that  the  pnmping  was  affecting  the  general  level  of  the  water  uoder 
the  HmeBtonc,  he  had  had  a  record  kept  for  the  past  four  years,  regiateriag 
every  twenty-fotir  hours  the  ebb  and  flow,  or  the  rise  and  fall  of  the  water  j 
and  he  would  enjiply  thu  luBtituta  with  a  copy  of  the  diagram. 

Mr.  Parrinotos  aaid  that,  with  respect  to  these  Breccia-gafihee, 
which  were  really  of  more  interest  than  the  eai  th-Bhabcs  to  the  memhets 
of  this  InHtitnte,  he  mentioned  to  Professor  Lebour  one  thing  which  was 
Tcry  interesting,  and  that  was  the  disappearance  of  small  streams  in  the 
limestone  in  summer  time.  lie  specified  one  stream  in  particular — not  a 
very  small  one — between  Fulwcll  and  Monkwearmouth,  which  ran  through 
Monkwearmoulh  cemetery,  and  disappeared  at  certain  times  into  the  lime- 
stone, sometimes  to  rise  again  within  a  mUe,  while  the  spring  Irom  which 
the  stream  rose  never  seemed  to  fail. 

Mr.  Daglish — The  same  thing  takes  place  at  Castle  Eden  and  the 
deno  north  of  Seaham.    The  water  disappears  altogether. 

The  PHESIDENT — It  is  a  very  common  thing  in  the  mountain  lime- 
stone. 

Mr.  Markhah— Will  Professor  Lebour  tell  us  the  reason  why  he 
thinks  these  earth-shakes  will  occur  more  frequently  in  tlie  future  than  ia 
the  past? 

Professor  liEBOUR  said,  the  first  qnestion  'asked  was  whether  he  did 
not  think  that  the  water  being  lowered  would  make  such  falls  more  likely? 
Most  undoubtedly  it  would;  and  this  was  one  of  the  arguments  in  his  paper. 
The  water,  of  course,  helped  to  support  the  walls  where  it  filled  theee 
gullets,  and  wheu  the  water  was  withdrawn,  so  much  support  was  also 
withdrawn  from  the  walls,  and  they  wore  more  apt  to  collapse.  If  any 
one  could  give  any  clear  and  distinct  information  that  such  a  tremendoiiB 
rise  and  fall  of  water,  as  mentioned  by  Mr.  Parrington,  took  place  by  the  ' 
action  of  the  Water  Company  pumping,  that  would  show  excellent  canse  for 
the  inereaacd  occurrence  of  sucli  falls  of  stone.  The  iaal  speaker  asked  why 
he  (Professor  Lebour)  thought  these  falls  would  happen  more  frequently  in 
the  future.  Simply  because  these  gullets  were  slowly  becoming  larger  and 
larger  daily.  It  was  fortunate  that  they  had  Mr.  Forster  and  Mr.  DagUsh 
present  on  this  occasion,  as  they  were  the  authors  of,  he  might  eay,  the 
best  paper  on  the  limestone  of  Durham  which  had  appeared  in  the 
Transactions  on  this  subject.  Professor  Merivaie  asked  why  Breccia- 
gashes  were  pointed  at  the  bottom.  It  was  because  they  were  to  all 
intents  and  purposes  water  channels.  The  tendency  of  water  was  to  fall 
to  a  lower  level,  and  to  dig  a  channel  deeper  and  deeper.  There 
among  these  gullets  a  kind  of  underground  river-syst«m,  though  not 
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alwajB  at  the  eame  level — a  kind  of  me.nj  storied  water-syatem,  flowing 
one  into  the  other,  but  all  tending  to  the  sea.  It  would  be  interesting 
to  get  the  details  as  to  the  great  fall  of  water  mentioned  by  Mr. 
Parrington.  There  was  no  reason,  without  giving  up  an  ineh  of  his  own 
theory,  why  he  should  not  adopt  Mr.  Parrington'a.  If  mining  engineers 
said  that  the  lowering  of  the  level  of  the  water  by  the  Water  Company 
or  others  pumping  waa  liable  to  make  the  water-blasts,  ha  (Professor 
Lcbour)  was  willing  to  accept  that;  and  that  might  account  for  the  great 
noises  heard  in  connection  with  the  earth-shakes  in  Sunderland.  Bat 
this  did  not  in  the  shghtcst  degree  militate  against  the  explanation  he 
had  brought  forward. 

Mr.  Pabringtos  said,  he  saw  at  page  58  in  De  Ranee's  "  Water  Supply 
of  England  and  Wales,"  that  no  less  than  5,000,0i>0  gallons  a-day  were 
pumped  from  the  magnesian  limestone  without  in  the  least  altering  the 
permanent  lerel  of  the  water  in  the  district.  Re  (Mr.  Parrington)  quite 
agreed  that  the  peimanent  level  of  the  water  at  Sunderland  was  not 
altered ;  but  he  would  aak  Mr.  Forster  if  towards  the  outcrop,  the  level 
of  this  water  was  not  permanently  lowered  ? 

Mr.  K.  FoBBTEK  said,  he  understood  that  this  paper  would  come  up 
for  discussion  at  a  future  meeting,  and  he  proposed  to  answer  Mr.  Parring- 
ton'a question  by  putting  in  the  diagram  to  which  he  had  already  alluded. 
He  wished  to  ask,  however,  if  the  head  of  water  were  lowered,  would  not 
that  have  a  tendency  to  cause,  in  the  underground  river  or  lake,  the  flow 
of  water  to  be  more  rapid,  and  so,  taking  away  the  foundation  of  these 
Breccia-gashes,  cause  the  falls  to  be  more  frequent,  and  carry  off  more 
limestone  with  it  ? 

The  Prbsideht  said,  the  paper  would  be  discussed  at  a  future  meet* 

.  He  proposed  a  vote  of  thanks  to  Profeseor  Iicbour  for  the  interesting 
information  he  had  given  the  members  in  the  paper.  This  was  a  subject 
in  which  Mr.  Daglish  and  himself  took  considerable  interest  twenty  years 
ago ;  bat  their  experience  was  now  old,  and  perhaps  was  etipersedcd  by  the 
information  of  the  present  time.  It  was  important  that  information  on 
this  subject  should  be  gathered,  and  embodied  in  the  Transactions  of  the 
Institute. 
H        The  vote  of  thanks  was  agreed  to,  I 
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Mr.  M.  Walton  Brown  read  the  following  paper  "  On  the  Observation 
I  of  £artb-shakes  or  Tremors,  in  order  to  foretell  the  issue  of  sudden  Out- 
I  bursts  of  Fire-damp :" — 
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ON   THE  OBSERTATION  OF  EAHTH-3HAKES  OR  TREMOES, 

IS  OllDEK  TO  FORETEU.  TEE  ISSUE  OF  BUDDEN 

ODTBUESTS  OF  FIEE-DAMP. 

Br  M.  WALTOS  DKOWN. 
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Whatever  raay  be  the  cause  of  the  issue  of  andden  ontburats  of  fire- 
damp, the  quantity  of  gas  produced  is  extremely  variable  and  irregular. 
Many  theoricB  have  beon  from  time  to  time  advanced  with  the  object  of 
defining  the  laws  which  govern  these  endden  ontburats  of  gas  from  coal 
and  adjacent  strata, 

It  would  appear  that  there  is  some  connection  between  audden  oat- 
bnrats  of  gas  and  the  motions  to  which  the  cruet  of  the  earth  is  subject : 
in  other  words,  that  slight  motions  of  the  earth's  cruat  may  be  followed  by 
more  or  less  violent  outbursts  of  gas.  Thus,  if  there  were  a  large  body  of 
gas  \ient  up  in  a  Bubterrunean  reseiToirj  and  some  movement  of  the  earth's 
cruat  took  place  forming  fiaaurea  of  varying  depth  and  width,  affording 
channels  for  the  escape  of  this  gas;  upon  such  a  fiaaure  being  reached  in 
the  workings  of  the  mine,  a  blower  would  be  the  reanlt,  the  volume  and 
duration  of  which  woald  depend  upon  the  volume  of  the  reservoir,  pressure 
of  gas,  and  the  width  of  the  fisstirc.  If  this  theory  ia  the  true  solution 
of  the  problem,  it  follows  that  the  systematic  and  regular  observation  of 
earth  movements  would  eventually  prove  a  reliable  means,  to  some  extent, 
of  foretelling  when  outbursts  of  gas  should  be  anticipated. 

Tbie  theory,  by  no  meuna  a  new  one,  waa  first  broached  in  the  DurJuim 
Advertiser,  of  July  25th,  18i6,  by  tJie  late  Mr.  William  Lloyd  Wharton,  in 
describing  a  curious  issue  of  gas  which  took  place  from  the  bed  of  the  river 
Wear.  The  followiog  is  an  abstract  of  hia  remarks: — "A  line  of  atreama 
of  gaa  was  observed  crossing  the  river  Wear,  diagonally  in  the  direction 
of  N.N.E.  and  8.8. W.,  under  the  Framwellgate  Bridge,  and  for  a  length 
of  about  100  yards.  When  the  air  and  wati;r  were  pcrfccfly  calm,  large 
babbles  formed  by  thea'^centof  gas,  taking  fire  at  a  lighted  candle,  marked 
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the  limits  of  the  stretimB  of  gnu  above  the  bridge,  and  two  other  smaller 
p-oopB  of  bubbles  were  seen  below  the  bridge,  each  of  these  gronpa  being 
marked  by  nnmeroua  bubbles.  It  is  believed  that  there  are  no  coal  work- 
ings or  excavations  of  any  kind  within  several  hundred  yards  of  the 
Framwellgate  Bridge,  and  the  escape  of  gas  must  be  attributed  to  some 
extensive  natural  accumulation.  There  is  therefore  no  ordinary  means  of 
accounting  for  this  appearance  of  the  gas,  but  there  is  no  difficulty  in  con- 
ceiving that  the  escape  has  been  made  through  some  open  lissarc  created 
by  Bome  motion  of  the  earth." 

The  most  violent  motions,  or  earthquakes,  arc  well  known  to  produce 
fractures,  fissures,  and  chasms,  accompanied  by  subsidence  or  elevation, 
forming  abrupt  heightfi  upon  the  surface,  which  may  also  be  rent  by  fiasarea 
or  ravines.  There  are  also  minor  disturbances  of  the  earth's  crust,  the 
existence  of  which  is  much  less  obvious  than  the  phenomena  of  earth- 
quakes, but  which  are  the  more  penerol,  if  less  important.  These  minor 
disturbances,  produced  by  slow  undulatory  motions  of  the  earth's  crust 
varying  the  inclination  which  the  parts  relatively  bear  to  each  other,  must, 
from  the  verj'  nature  of  tbeir  action,  form  open  or  close  fiasurea  which 
may  give  vent  to  sudden  blowers  of  gas,  escaping  from  more  or  less  distant 
reservoirs,  or  by  a  reverse  action  may  stop  the  issue  at  a  blower  in  action, 
or  may  cause  the  issue  to  be  intermittent. 

From  experiments  on  the  amount  of  disturbance  of  gravity  caused  by 
lunar  attraction,  made  by  Messrs.  G.  and  H.  Darwin,  it  appears  that  the 
surface  of  Great  Britain  is  subject  to  movements  of  an  undulatory  and 
vibratory  nature.  There  are  many  theories  to  account  for  these  micro- 
BP.ismic  motions.  Mr.  G.  Darwin  considers  that  they  may  1>e  due  to  the 
height  of  the  tides  and  to  the  pressure  of  the  atmosphere.  In  fact,  if  it  be 
assumed  that  the  crust  of  the  earth  is  plastic,  like  a  hollow  ball,  it  can 
readily  be  admitted  that  the  variations  of  the  internal  pressure,  and  of  the 
external  prcsaure  or  weight  placed  npon  the  surface  must  tend  to,  and 
will,  produce  undulatory  and  vibratory  motions  of  the  earth's  crust. 

Professor  John  Milne,  of  the  Imperial  College  of  Engineering,  Tokio, 
thinks  that  the  magnitude  of  these  disturbances  is  so  great  that  their 
origin  can  hardly  be  attributed  solely  to  these  or  such  like  causes,  and 
that  they  may  be  more  especially  produced  by  the  internal  phenomena 
of  the  earth. 

Possible,  if  not  decisive,  evidences  of  the  existence  of  these  pulsations 
have  been  observed  in  the  soil  of  Italy,  by  means  of  pendulum  experiments. 
Other  observations  by  means  of  delicate  levels  appear  to  show 
relative  positions  of  distant  points  do  vary  from  time  to  time. 
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f       Aflsoming  that  the  eiiBtence  of  these  phenomena  U  proved,  it  can 

I  readily  be  imagined  that  they  are  alao  accompanied  with  minor  forma  of 

I  the  violence  foimd  to  be  associated  with  earthquakes.  These  may  be 
described  as  npheaval,  or  aubaidence,  of  the  earth's  crust,  formation  of 

I  fissures,  land  slips,  etc. 

Great  Britain  is,  as  has  been  already  mentioned,  somewhat  snbject  to 
the  phenomena  of  earthquakes,  and  more  especially  to  tliese  minor  pulsa- 
tions  and  tremors,  and  the  East  Coast  appears  to  be  situated  (see  Plato 
XIV.)  on  a  belt  subject  to  these  minor  pulsations,  and  connecting  the 
more  violent  motions  esperienced  in  Italy  and  Iceland,  and  this  the 
record  of  obaeiTations  at  Sunderland  given  iu  Mr.  Leiiour's  paper  might 
seem  to  prove  ;  and  the  more  so,  as  in  the  course  of  the  great  earthquake 

I  at  Lisbon,  which  occurred  in  November,  1755,  there  were  clear evidencea 

of  violent  motion,  more  especially  in  the  water  of  lakes,  etc.,  in  this 

country;  notably,  near  Durham,  where  the  water  in  a  pond  rose  and 

fell  about  one  foot,  foar  or  five  times  per  niinnte  for  six  or  seven  minutes. 

If  this  theory  prove  acceptable  it  affords  a  plausible  reason  for  the 

I  simultaneous  occurrence  of  outbursts  of  gas  along  the  line  of  faults,  or 
s  of  faults  or  fissures.  Consequently,  in  faulted  districts  an  almost 
insensible  motion  of  the  eai-th's  crust  may  be  accompanied  with  more  or 
less  Budden  and  violent  outbursts  of  gas,  as  the  least  fissure  could  afford 
ready  issue  for  the  escape  of  considerable  volumes  with  more  or  less 
rapidity. 

The  tabulation  of  the  occnrrence  of  more  than  seven  thousand  earth- 

I  quakes  shows  that  there  is  some  connection  between  the  pressure  of  the 
atmosphere  and  the  occurrence  of  earth  movements.  It  is  said  that  the 
observations  of  earth-tremors  and  pulsations  in  Manilla  and  Japan  afford 

[  very  marked  coincidences  with  atmospheric  pressures,  and  in  the  case  of 

I  Manilla  they  appear  in  some  instances  to  have  formed  a  perfect  indication 

I  of  approadiing  typhoons. 

If  these  micro-seismic  storms  (as  these  vibratory  undulations  may  be 

I  called)  are  followed  by  changes  of  atmospheric  pressure,  it  would  appear 
as  exceedingly  probable  that  there  is  some  intimate  correlation  between 

j  them  and  outbursts  of  gas. 

The  following  table   contains  a  record  of  the  earthquakes  in  Great 

Britain  and  the  Northern   Isles,  as  tabulated  by  the  late  M.  Perry,  of 

Dijon,  and  in  a  parallel  column  are  shown  the  number  of  fatal  explosions 

of  gas  that  have  occurred  in  Great  Britain  from  18C8  to  1882  inclusive, 

il'        The  table  is  arranged  to  show  the  monthly  occurrence  of  the  two  pheno- 

^^   mena,  and  whilst  the  correlation  is  by  no  means  perfect,  it  shows  to  some 
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extent  that  the  coincidences  are  well  marked  and  tend  to  prove  that  thero^ 
may  be  some  connection  between  the  two  phenomcDB.  This  connection  | 
is  more  clearly  shown  on  the  diagram,  Plate  XV. 
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In  conclusion,  it  appears  dcstrahle  that  ciperimenta  should  be  initiated, 
in  thia  conntrj  for  the  observation  of  these  micro-seismic  motions,  to  be 
conducted  similarly  to  those  which  have  been  so  carefully  pnrsned 
in  Italy  and  which  have  been  more  recently  established  in  Japan. 
Since  January  of  this  year,  the  Japanese  Government  have  inaagarated  a 
series  of  experiments  to  be  made  at  the  colliery  of  Takaahima,  one  of  the 
largest  in  that  count|-y.  These  underground  experiments,  which  are  to 
be  made  under  the  superintendence  of  Professor  John  Milne,  of  the 
Imperial  College  of  Engineering,  Tokio,  are  for  the  purpose  of  ascertaining 
(as  detailed  in  the  Japan  Gazelle  of  January,  1884)  whether  there  are 
any  phenomena  connected  with  the  iesue  of  gas,  such,  for  instance,  as 
earth-tremors,  which  hold  a  nearer  relation  to  the  evolution  of  gas  than 
barometrical  changes. 

As  the  order  of  these  experiments  are  such  as  should  be  followed  in 
this  country,  the  fotlowii^  details  are  of  value.    The  experiments  now  ia 


1. — The  observation  of  cartfa-tremore  by  means  of  a  tromometer. 

This  instrument  consiata  of  a  pendulum  protected  from  cnrrenta 
of  air,  and  a  microscope  so  arranged  that  the  smallest  move- 
mente  of  the  pendulum  in  any  direction  can  be  readily 
and  measured. 
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2.— The  observation  of  delicate  levelg. 
3. — The  observation  of  earth  current*. 
4. — The  observation  of  the  movementB  which  take  place  in  the  roof 

and  floor  of  the  workings. 
5. — The  observation  of  the  electrical  conditJOB  of  the  air  of  the  mine, 

accompanied  with  those  of  the  barometer,  thermometer,  and 

the  rise  and  fall  of  the  tide. 
There  are  many  other  drcumstancea  which  regnlate  the  iesue  of  gas, 
wliich  might  snggcst  an  increase  in  the  nnmber  and  extent  of  these  obaer- 
Tfttions,  but  those  set  forth  appear  to  be  worthj  of  some  consideration. 


Professor  Lecodb  said,  he  need  not  say  that  he  did  not  agree  in  the 
slightest  degree  with  Mr.  Brown  in  his  suggestion  that  the  Sunderland 
eartb-shakes  or  tremors  were  the  results  of  wliat  was  stated  in  the  paper. 
He  believed  that  the  so-calied  earthquakes  at  Sunderland  were  not  earth- 
quakes at  all,  but  were  due  to  local  disturbances.  But  setting  all  this 
aside,  he  thought  Mr.  Brow-n's  observations  were  of  the  highest  possible 
interest,  and  it  would  be  an  excellent  thing  for  this  Institate  to  make 
inquiries  as  to  these  earth-tremors.  The  instruments  nuccssary  for 
making  the  observations  were  not  complicated.  The  only  difficulty  was 
how  to  set  them  in  work ;  and  it  could  be  done  in  this  district  by  colliery 
proprietors  lending  parts  of  their  pits  in  which  to  place  the  instritmentfl, 
Observations  were  being  made  in  other  countries,  and  especially  in  Japan 
where  there  was  a  net-work  of  them.  To  register  the  earth-tremors  was 
quite  possible,  and  he  thought  it  came  within  the  scope  of  such  an  Insti- 
tute as  this  to  work  the  question  out,  and  sec,  after  a  series  of  obser- 
vations, whether  there  was  any  connection  between  explosions  of  gas  and 
Buch  earth-tremors. 

The  Phebident  said,  the  discussion  of  the  paper  would  be  adjonmed. 
No  doubt  the  Council  would  consider  whether  the  observations  which  had 
fallen  from  Professor  Lebour  in  regard  to  registering  earth-tremors  should 
bear  any  practical  fruit.  He  was  not  aware  that  they  hod  earth-tremors 
in  Boch  magnitude  as  to  require  ii  record ;  bnt  possibly  Professor  Lebour 
would  know  better  than  he  did.  He  proposed  a  vote  of  thanks  to  Mr. 
Brown  for  his  paper. 

The  vote  of  thanks  was  agreed  to,  and  the  meeting  concluded. 
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PROCEEDINGS. 


ANNUAL  GENERAL  MEETING,  SATURDAY,  AUGUST  2in),  1884^  IN 
THE  WOOD  MEMORIAL  HALL,  NEWCASTLE-UPON-TYNE. 


GEORGE  BAKER  FORSTER,  Esq.,  PsESiPBirT,  IK  thb  Chaib. 


Messrs.  C.  C.  Leach^  T.  E.  Jobling,  and  Thomas  Bailes,  were  appointed 
scrutineers  to  examine  the  voting  papers  for  the  election  of  officers  for 
the  year  1884-85. 

The  Secretary  read  the  minutes  of  the  last  (General  Meeting  and 
reported  the  proceedings  of  the  Council. 

The  annual  reports  of  the  Council  and  Finance  Committee  were  also 
read. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated:— 

Associate  Mbmbbbs — 

Mr.  T.  Shiplby,  M.E.,  New  Copley  Colliery,  Cockfield. 

Mr.  EowABD  RoBBBT  FiSHBB,  M.E.,  Cleveland  Terrace,  Walters  Road,  Swansea. 

STVDBinr — 
Mr.  Qbobgb  EDwnr  Jambs  McMubtbib,  Towneley  Collieries,  Ryton-on-Tyne. 


The  following  paper  on  "  The  Endless  Chain  in  Spain,"  by  Mr.  George 
Lee,  was  then  read: — 


TOI..  XXXIII.-18N,  ^ 


THE  ENDLESS  OHAlK   IN  SFAW. 


THE  ENDLESS  CHAIN  IN  SPAIN. 


Bi  OEOROE  LEE. 


The  means  employed  in  Spain  for  conveying  ore  from  the  minee, 
(which  are  generally  situated  at  high  altitodoe,  al  or  near  the  summit 
of  the  hills),  to  the  smelting  works  on  the  lowlands,  to  the  shipping  places 
on  the  river  or  coast,  to  the  lines  of  locomotive  railway  that  supply  the 
means  of  transport  (when  the  intermediate  comitry  does  not  present  any 
Berions  obstacle  in  the  way  of  their  construction),  or  to  the  public  railway 
communicating  with  the  point  of  destination,  are  many  and  of  great  variety. 
The  only  meana  that  existed  in  the  chief  mining  district  of  Bilbao  previous 
to  1873,  at  which  port  during  the  preceding  year  C8n,700  tons  of  iron  ore 
had  been  shipped,  were  donkies  or  mules  with  panniers,  and  bullocks  with 
carta,  which,  though  tedious  and  costly,  were  the  moat  available.  Recently 
the  mechanical  and  more  economical  appliances  of  self-acting  inclined  planes 
down  which  the  mineral  is  lowered  insets  of  tubs  or  wagons,  in  hopper-bogies, 
in  trncka,  or  in  trucks  on  platforms  (chiefly  on  heavy  gradients,  reaching 
80  far  as  one  in  onc-and-a-<juarter) ;  of  engine  planes ;  and  of  suspended 
endless  ropeways  (air-lines  as  they  arc  locally  called)  have  been  adopted. 
There  are  two  systems  of  endless  ropeway  in  use,  the  first  introduced,  the 
simplest,  and  the  one  chiefly  adopted  being  the  single  hauling  rope  with 
depending  buckets,  and  the  fixed  suspended  rope,  with  an  endless  hauling 
rope.  The  latter  system  possesses  the  advantage  of  not  being  affected  by 
the  wet  or  damp  weather  bo  prevalent  in  the  north,  which  causes  the 
saddles  of  the  pendant  bucketo  that  grip  on  the  travelling  rope  of  the  first 
system  to  lose  their  hold,  and  allow  the  buckets  and  saddles  to  glide  amain, 
on  the  rope  approaching  an  inclination  of  one  in  four.  In  addition  there 
are  endless  chain  railways  and  locomotive  railways  of  different  gauges, 
including  one  metre,  forty-five  inches,  and  the  unfortunate  national 
aeloction  of  sixty-six  inches.  The  only  eicnse  for  the  existence  of  the 
latter  is  that  it  was  adopted  for  state  reasons. 
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Duriocf  recent  years,  many  of  the  most  approved  systems  of  haulage 
common  to  miniDg,  specially  designed  to  meet  particular  rGqniremeiite, 
and  the  more  nniversal  ordinary  methods  have  been  adopted,  yet  there  is 
a  prevalent  want  of  experience  in  their  genera!  application.  The  market 
values  of  the  ores  have  decreased,  whilst  the  cost  of  mining,  owing  to 
increased  depth  and  other  difficulties  attending  the  exhaostion  of  the 
mineral,  is  coutioually  on  the  increase,  reducing  the  margin  between 
expenditure  and  revenue  available  for  profits:  there  wiU  be,  doubtlees, 
efforts  made  to  meet  the  demand  there  exista  for  economy,  with  the  resolt, 
that  much  of  the  present  waste  will  disappear  and  the  savings  realized  will 
BO  enhance  the  valne  of  mining  property  generally  that  mnch  which  is 
now  a  burden  to  capitalists  may  become  desirable  investments. 

The  endless  chain  system  of  haulage,  most  recently  introduced  into 
Spain,  is  one  with  which  enginecrB  at  home  are  well  acquainted,  its  merits 
having  been  oflen  tried  and  duly  appreciated.  The  endless  chain  has  been 
extensively  adopted  under  circumstances  where  the  existence  of  physical 
conditions  presented  difficulties  in  the  way  of  the  installation  of  other, 
and  perhaps  rival  systems,  but  of  less  moment  to  its  peculiar  general 
adaptability. 

The  circumstances  which  led  to  the  selection,  the  conatmction,  and  the 
apphcation  of  the  first  endless  chain  railway  that  worked  in  Spain,  to 
the  requirements  of  the  Anita  mine,  whose  produce  it  is  intended  to 
convey,  are  chosen  to  form  the  subject  of  this  paper. 

In  a  sheltorBd  cove  on  the  north  coast  of  Spain,  in  the  province  of 
Santander,  at  a  distance  of  two  miles  to  the  east  of  Castro-Urdiales,  lies 
1  Hcido,  in  whose  buy  is  situated  Avellanosa  with  its  qnay,  from  which  the 
ore  brought  down  from  the  Anita  mine  is  shipped. 

Previous  to  the  starting  of  the  eudle-ss  chain  on  March  3rd,  1883,  the 
ore  was  brought  down  by  means  of  an  air-line  1,600  yards  in  length, 
which  was  abandoned  owing  to  the  lailing  condition  of  the  woodwork. 
This  line,  crossing  a  valley  and  the  esttiaiy  of  the  river  in  its  course, 
required  very  high  piers  for  its  support,  which  could  only  have  been 
repaired  at  great  cost.  The  existent  of  the  difficulty  mentioned  previously, 
i.e.,  the  gliding  amain  of  tlie  saddles  and  buckets  where  the  inclination 
of  the  rope  in  crossing  the  water  exceeded  the  maximum  at  which  the 
saddles  retain  their  grip  in  all  weathers,  and  the  desire  to  provide  means 
of  transport  more  adequate,  more  certain,  and  more  suitable  for  the  future 
working  of  the  mine,  and  the  conveyance  of  a  much  greater  output,  led 
to  the  study  and  completion  of  the  present  railway. 
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The  Anita  depoHit  of  iron  ore  is  of  that  class  di8tiDgnish»!laa  a  vertical 
Begregfition,  differing  from  the  lodo  by  the  irregularity  of  its  form,  and 
further  specialty  defined  as  a  contact  mass,  being  found  between  compact 
cryatalline  limestone  (nnmmulitic  in  the  higher  altitudes)  on  the  east, 
forming  the  hanging  wall;  blue  schistose  rock  and  yellow  bcddy  marl- 
Etone  on  the  west,  forming  the  footwall.  Its  strike  is  towards  true 
north;  a  line  of  mineral  being  traced  from  the  cave  in  the  rocks  on  the 
coast,  ont  of  which  the  mineral,  being  softer  than  the  rocks,  has  probably 
been  washed,  through  the  present  Station  D  (see  Plate  XVI.,  Figs.  1  and  2) 
to  the  quarriea  that  are  opened  on  the  run,  through  the  whole  length  of 
the  Anita-take,  through  the  Ceferi no-take,  where  the  mineral  has  been  well 
exposed,  to  the  deposits  at  Las  Mnnecas ;  here  the  mineraJ  on  the  Sappho- 
take  stands  boldly  out  on  one  side  of  the  valley,  forming  an  escarpment, 
and  from  thence  to  the  Galdames  mines;  in  all,  a  distance  of  over  seven 
miles,  The  portion  of  the  nm  at  present  being  worked,  and  with  which 
it  is  proposed  to  deal,  is  the  north  end.  For  getting  the  ore  from  here 
to  the  shipping  place  on  the  coast,  there  were  many  schemes  suggested 
and  entertained  by  the  different  parties  who  from  time  to  time  have 
been  interested  in  the  development  of  this  valuable  property, 
time  the  project  was  to  put  down  a  narrow  gauge  lococjoti^B'i^way  from 
0  to  P;  this  would  have  been  fed  by  sclf-ucti-mg  inclines  communicating 
with  the  quarries  and  adits  at  the  difllerent  heights  that  the  gradual 
exhaustion  of  the  mine  would  emitail;  then  by  an  incline  of  steep  gradient 
T  under  tjnf  royal  road  and  over  the  estuary,  land  the 
mineral  at  Dicido ;  bijjx^ing  to  the  stapendoua  nature  of  the  works  of  the 
,  inclusive  of  a  bridge  of  large  span,  the  whole 
s  abandoned 

KTly  considering  the  steep  slopes  and  deep  ravinea  of  the 
?^sidc  with  the  intervening  ridges,  and  the  danger  of  interfering 
roya!  road,  kept  in  a  high  state  of  eSiciencyby  vigilant  engineers, 
r  with  the  difficulty  of  crossing  the  estuary  and  encountering  the 
r  obstacles  presented  by  the  peculiar  geological  strccture  of  the  cliff  between 
Dioido  and  Avellanoaa,  and  on  the  other  hand  weighing  with  great  core 
the  facilities  which  other  means  of  transport  offered  to  the  present  and 
future  requirements  of  the  mine,  which  had  to  be  attacked  at  rarioos 
points  and  constantly  at  lower  levels,  it  was  thought  that  no  system  offered 
advantages  equal  to  those  of  an  endless  chain. 

After  consulting  the  existing  plans  of  the  property  and  ascertaining 
the  approximate  heights  by  the  aneroid,  it  was  decided  that  30  per  cent., 
or  SOO  millimetres  per  metre,  should  be  tlic  ma.'timum  gradient,  and 
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twenty-five  millimetreB  the  raaximnm  size  of  the  chain;  the  tran  of 
tnbe  was  also  fixed  at  about  35  per  cent,  of  a  load  of  500  kilogrammfis, 
each  tub  placed  at  a  distance  of  20  metres  centre  and  centre,  so  that,  if 
possible,  the  chain  should  ride  clear  of  the  alecpere,  and  the  whole  should 
vork  automati cully  t  the  direction  that  the  lines  ought  to  take,  and  the 
locality  of  the  angles  were  determined:  then  pegs  were  driven  at  regular 
distances  over  the  whole  route  from  the  quay  to  the  top  quarry  at  the 
mine,  and  levelling  began  on  the  80th  of  April,  1882. 

The  plans  of  a  railway  and  its  various  works  that  accompany  the 
petition  to  the  Government  for  the  privilege  of  having  them  declared  of 
public  utility  must  be  prepared  to  the  metre  scale,  because  Spain  having 
estabbshed  a  metrical  system  of  weights  and  measures  of  the  same  stAU- 
dards  as  those  of  France,  the  works  have  to  be  eonatnicted  accordingly, 
and  all  dimensions  are  in  metres  of  39-3707S)  English  inches,  and  all 
weights  in  kilogiammee  of  2-204G2  English  pounds.  lo  espreaging  the 
value  of  the  inclination  or  gradient,  iiistead  of  using  the  terms  1  in  33, 
SO  per  cent.,  or  800  millimetres  per  metre,  the  simple  figures  '300,  as 
expressing  the  millimetres  rise  or  fall  per  metre  will  be  nsed. 

^'u  of  the  levelling  ore  given  in  the  following  Table; — 
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eolations  to  follow,  it  is  better  to  describe  them  now.  Two  views  of  the 
tiibfl  are  sbown  on  Plate  XVII.,  Fifrs.  1  and  2 ;  the  general  design  is 
adapted  more  for  mining  purposes  than  for  open  quarry  work,  which 
is  the  only  means  reqaired  to  win  the  ore  for  some  time  to  come :  until 
the  time  arrives  when  they  will  be  required  to  go  underground  and  meet 
all  the  necessities  of  mining,  it  is  unnecessary  to  provide  them  with 
coupling  chains.  The  inside  dimcnsionB  of  the  hos  arc  1  metre  long  by 
■64  metre  wide  and  ib  metre  deep,  or  a  capacity  of  -288  cubic  metre, 
capable  of  containing  when  level  full  508  kilogrammes  of  iron  ore.  The 
box  is  made  of  poplar  deals  '040  metre  thick,  furnished  at  the  top  with 
an  angle  iron  hoop,  giving  additional  strength  to  the  hind  end  of  the 
tub  that  has  not  only  to  support  the  chain,  but  to  resist  the  retaining 
effect  of  the  chain  on  the  gradient  approaching  the  leading-on  pulleys 
when  the  chain  has  left  the  fork ;  also  to  withstand  the  rubbing  of  the 
chain,  which  by  accident  may  be  hfted  out  of  the  fork,  when  on  heavy 
gradients  the  tub  acquires  at  once  a  velocity  too  great  to  allow  time  for 
the  vertical  link  to  fall  the  depth  of  the  fork,  and  the  tub  is  only  slightly 
retarded  by  the  friction  caused  by  the  passage  of  the  chain's  uneven 
Boi'faoe  over  the  two  ledges  (the  fork,  and  the  hind  end  of  the  box)  and 
escapes  nntil  stopped  by  the  tub  next  below.  To  receive  snch  shocks 
as  those  the  hex  ought  to  be  strong  and  well  secured  to  the  tram,  con- 
sequently there  are  six  angle-iron  vertical  straps  having  hold  of  the  top 
hoop,  and  the  intcnuediate  sides  or  ends  of  the  box  are  bolted  to  the 
oaken  soles  of  the  tram.  The  fork  consists  of  an  "030  metre  thick  iron 
plate  presenting  an  opening  of  -160  metre,  down  whose  sides,  at  an 
angle  of  35°  the  chain  glides  into  a  notch  '075  metre  by  "027  metre 
prepared  for  the  reception  of  the  vertical  link.  To  each  side  of  this  plato 
is  riveted  a  -06  metre  angle-iron,  which  in  its  torn  is  riveted  to  the 
top  hoop,  the  pair  expanding  pass  beneath  the  end  transverse  piece 
where  they  are  bolted  to  the  inside  of  the  sole.  The  wheels  are  of 
cast  steel  '271  metre  diameter,  with  steel  axles,  a  set  (pair  of  wheels 
and  asle)  weighing  24  kilogrammes,  the  total  weight  of  the  tub  being 
180  kilogrammes.  In  lieu  of  comer  posts  or  plates,  each  comer  is  pro- 
vided with  two  straps  whose  ends  are  riveted  to  the  vertical  ones.  The 
height  of  the  tub  above  the  rail  is  '82  metre,  and  -07  metre  being  the 
height  of  the  rail,  the  top  of  the  tub,  being  the  resting  place  of  the 
chain,  is  '89  metre  above  the  surface  of  the  sleeper. 

According  to  the  Table  (page  193)  the  greatest  tension  will  be  at  C  on 
the  length  0  D„.  In  finding  that  tension  it  is  better  to  reduce  the  weight 
of  the  tub  180  kilogrammes,  the  load  500  kilogrammes,  and  the  chain 
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12"65kilogramme8periuetre,  to  the  weight  of  a  lineul  metre  of  train:  then 
— -a?- —  +  12'65  =1  46'65  kilogrammes  weight  per  metre  of  foil  train, 

and  -^  +  12-66  =  21'66  kilogrammeB  weight  per  metre  of  empty  train. 
Taking  from  the  table  the  fall  of  86-!)6  metres,  and  the  length  of  G17-56 
metres,  all  that  is  required  to  complete  the  calculation  is  the  mean  co- 
elBcient  of  reBistance  of  the  full  and  empty  trains ;  and  this,  as  the  tube 
and  rails  were  new,  was  necessarily  an  estimate,  guided  by  experience  and 
actual  experiment  with  other  and  similar  tubs,  giving  it  as  low  as  *0I8, 
it  wna  decided  to  allow  a  margin  in  favour  of  the  starting  of  the  new 
work,  and  '025  was  fixed  as  representing  it. 


46-fi5 

X 

86-96 

= 

4,056-68 

4G-65 

^ 

617-56 

" 

-025 

^ 

720-22 
3,836 -46, 

tension  o 

n  full  chain,  and 

21-65 

X 

86-96 

= 

1,882-68 

21-65 

X 

G17-66 

X 

■025 

= 

334-25 

2,216-93, 

tension  on  empty  chain. 

To  these  tenaiona  must  be  added  500  kilogrammes  sustaining  tension, 
indispensable  at  the  loose  pulley  D^,  fur  the  purpose  of  keeping  the 
chain  in  Buspension,  which,  having  been  gradually  relieved  of  the  weight 
of  the  train,  would  otherwise  droop  and  trail  on  the  sleepers,  hence 
(3,336'4G  +  500  =)  8,836  kilogrammes  is  the  greatest  working  tension  on 
the  line. 

Then  according  to  the  common  formula,  D  =  VS  W :  D  being  the 
diameter  in  eighths  of  on  inch,  and  AY  the  safe  load  in  tons  :  a  chain 
of  5"83  eighths  of  an  inch  diameter  is  sufficient  for  the  working  load  of 
3,836  kilogrammes;  then,  taking  into  account  the  severe  shocks  and 
strains  that  a  chain  riding  on  gradients  so  steep  aa  those  shown  in  the 
table  is  liable  to,  fhim  unavoidable  cauees,  a  one-inch  chain,  or  the  nearest 
approach  to  that  size,  25  millimetres  was  selected  for  the  six  heavy 
lengths,  and  an  18  millimetre  chain  for  the  two  flat  lengths  F  G  and  fl  H. 

The  sustaining  tension  applied  at  the  euds,  or  at  any  other  point  on  a 
length  where  the  effect  of  the  weight  of  the  train  hecomes  insaffident  to 
support  the  chain  free  of  the  sleepers,  being  an  additional  strain  the 
effect  of  which  is  transmitted  over  the  entire  length,  ought  to  be  applied 
cautiously.    With  the  exception  of  the  long  flat  above  P,  500  kilogrammee 
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ia  amaximimi  quite  adequate  for  the  object  as  far  aa  the  rest  of  Ihc  heavy 
lengths  are  concerned.     For  the  lighter  chain  and  flat  length  300  kilo- 
grammes is  the  quantity  used  in  ascertaining  the  tensions  or  workii^   , 
loads  of  the  eight  chains  at  their  respective  wheels,  and  which  are  given  J 
in  the  following  Table: — 


Wh«L 

BOWX. 

Zx 

1 

FuUSida 

^r 

ToUL 

pbubw.. 

a," 

TdML 

A 

A' 
B 
C 
Do 
D 
E 
P 
G 
U 

2.302 
2,606 
3,836 

2,587 
2,316 
SOO 
300 

Kaon. 

1^21 

2,3Ce 
1,857 
2,716 

1,980 
2,421 
951 

2.853 
ijBOi 

4,463 
6,552 

4W 
4,737 
1,251 

928 

I 

1  1,418  1 
1,120 

-^   607 

Kao«i. 

&00 
600 
500 
.500 

500 
500 
623 
634 

KOofi. 

600 
1,169 

600 
500 

605 

1,151 
931 
634 

1.000 
1,669 
1,000 

1,000 

1,106 
1.651 
1,574 

1,268 

In  determining  the  profile,  or  line,  which  the  formation  for  the  n 
ception  of  the  way  shooM  be  conatmcted  to,  the  yalueof  many  of  the 
forces  had  to  be  estimated,  but  after  deciding  what  should  be  aimed 
at  in  designing  the  works  in  detail,  these  estimates  were  practically  all  . 
that  was  requisite,  though  in  showing  the  method  pursued,  the  actual  1 
value  of  the  forces,  &c.,  as  since  ascertained,  will  be  employed ; 

Weiglit  of  liwd  {mineral  carried  by  tnb)  BOO 

„      tub ISO 

„      Sfi  taiUimetre  clmin  pCT  metre         \2-Gl 

„    18        „         „  e« 

,.      fall  train  with  25  millimetre  cliain  per  metro      4l>'6.' 

„      empty          „               .,               n              ■?         21'6! 

,.      full  train  uith  18         ,.                ..              „         4frS 

„      empty          „                ,.               ..              ••         IS'l* 

CocfflcioJit  of  resiatance 0-0! 


Diitance  between  centres  of  tabs  ia  train 

Span,  beingr  the  space  betnreen  the  tnbs  

Half-span  

Top  of  tob,  or  point  of  sospwision  above  the  sleepers 

HeiRht  cf  rail        

Eurkaboverail  


IM 
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In  the  Donstmction  of  the  railiraf  whose  total  length  will  be 
•between  the  wheel  A  and  H,  3,007'32  metres  (3,288'80  yards)  poeseesing 
■a  total  fall  of  344'51  metrea  (1,130'26  feet),  giving  an  avei-age  inclination 
of  ■Il-i,  or  1  in  8'72,  one  object  has  been  to  avoid  the  iutrodnction  of 
abrupt  changes  of  gradient,  the  presence  of  which  in  the  profile  would 
prove  impedimenta  in  tlie  endeavour  to  so  harmonize  the  concnvitiea 
and  convexities  in  the  line  of  rail  to  the  deflexion  assumed  by  the  chain 
under  its  varying  tension  in  the  many  spans  comprised  in  the  length  of 
a  train,  that  the  chain  may  ride  free  without  trailing. 

The  tension  required  to  sustain  the  25  millimetres  chain  on  the  span 
of  18'90  metres,  the  points  of  suspension  being  "89  metro  above  the 
horizontal  line  over  the  topa  of  the  sleepers : 
.  12-65  „.,„.-r_  12-65x9 


•89  = 


^9-45";  T  =  ^^- 


X   2 


=634  kilogmmmoa  tension 
mes  is  the  tension 


reqnired.    For  the  18  imllimetres  chain,  381  kilogram 
required. 

In  deciding  on  the  principal  points  in  the  profile  of  a  length,  it  is 
best  to  fix  npon  the  form  of  the  bank-head  and  bank-foot  first,  not  only 
because  their  cGtablishment  affects  the  connecting  profile,  but  because  at 
these  two  points  the  chief  causes  of  friction  exist,  the  effect  of  which  it  is 
the  duty  of  the  engineer  to  avoid  altogether,  or  reduce  to  a  minimum  in 
^dealing  with  natural  obstacles,  so  far  aa  a  due  regard  to  economy  will 
permit.  In  order  that  the  chain  should  rest  as  lightly  as  possible  on  the 
leading-off  pulley  a  in  the  bank-foot  (see  Plate  XVII.,  Fig-  3),  a  ought 
to  be  the  lowest  point  of  the  curve  assumed  by  the  chain  under  a  tension 
of  500  kilogrammes;  then,  taking  the  distance  of  the  last  departing 
tub  from  the  pulley,  when  the  following  tub  should  take  the  chain,  to 
be  20  metres : 

500 


12-65  : 


20  ■ 


:  1  -DT  kilogi'ammos. 


the  coefficient  of  tension  at  a,  being  the  lowest  part  of  the  chniu ;  then 
20 

the  deflexion  of  the  chain,  or  the  height  of  the  point  of  suspension  e 
above  the  pulley  a ;  then 

2  X  5-07 


which  is  the  tangent  at  f. 


Log.  -507  =  1-705008 


U.-iOOS  =  log.  tan.  of  26°  5*' 
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tiie  angle  made  by  the  thain  with  the  horizon  at  its  point  of  anspension, 
or,  in  other  words,  an  incHnadon  of -507. 

The  mechanical  curve  that  a  chaia  of  uniform  Hubstance  and  texture 
aBHumea  when  it  is  himg  upon  two  points  (whether  those  points  be  in  a 
horizontal  plane  or  not)  ie  a  catenary  one ;  but  deBigning  ia  made  easier 
and  the  construction  uualfccted  if  the  curve  is  considered  a  parabola. 

The  present  carve  will  then  be,  -^  =  '012675,  say  a  parabola 
a  be  of  ■0127J.'*,  x  being  the  ordinate. 

The  maximum  indination  that  can  be  accepted  being  '300,  it  ia  ncccs- 
Bai7  to  find  at  what  part  of  the  parabola  its  tangent  will  have  auch  an 
angle  or  inclination : 

:  11 '81  meti-es, 


■300 


■01:i7)c 

the  distance  ii'om  a  to  b,  the  point  of  departure  of  the  tangent  b  doi  'SOO; 
d  being  '83  metre  below  c. 

"With  the  point  of  suspension  at  d,  the  angle  in  the  chain  caused  by 
the  pulley  a,  is  2°  17';  this  ia  the  least  (the  quantities  remaining  the 
same)  that  it  is  possible  to  have. 

If  the  bank-foot  were  at  a  terminus  the  rails  could  be  laid  to  work  to 
these  lines;  but,  in  order  that  the  deacription  may  afford  a  more  general 
application,  it  is  supposed  to  be  at  an  angle  or  station.  The  chain  pafises 
over  the  pulley  n  at  a  height  of  1'22  metres  above  the  rail,  or  '40  metre 
above  the  top  of  the  tub  (this  height  ia  determined  by  the  height  of  the 
pnlley  '13  metre  diameter  on  the  full  side  of  the  length  in  front;  it 
is  likewiae  the  minimum  height  at  whieh  the  larger  pulley  of  -270  metro 
diameter  can  be  placed  to  clear  the  forks),  consequently  the  chain  on 
passing  the  pnlley  a  must  be  allowed  to  droop  so  aa  to  meet  the  hue 
efif  that  the  top  of  the  tub  takes,  acquiring  sufBoient  momentum  on 
the  inclination  '020  to  carry  it  along  the  level /^  which  is  '47  metre 
beneath  a  : 


■47 
■0127 


=  87^16,  v/37^16  =  6^08  metres, 


the  distance  from  a  to  y,  where  the  vertex  of  the  parabola  must  be 
placed. 

The  necessary  momentum  to  carry  the  full  tub  over  the  flat  sheets  to 
the  point  of  attachment  on  the  length  in  advance  ia  acquired  by  Ita 
becoming  detached  from  the  chain  on  the  gradient  "025. 

Whether  it  be  a  bank-head  or  a  liank-foot  that  ia  being  designed, 
it  is  of  the  greatest  importance  to  minimize  the  friction  at  the  leading- 
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off  and  leading-ou  pulleya.    (See  Plate  XVII.,  Fig.  4.)    In  forming  a 
bank-head  (with  the  load)  it  is  beet  to  continue  the  level  of  the  flatsheels 
to  a  point  that  the  last  departing  full  tub  reaches  when  the  following  tub 
arriTes  at  the  point  of  attachment,  and  the  disUtace  of  the  former  f 
the  leading-off  pulley  ia  arrived  at  aa  follows: — 

Tension  at  hrake-Btation  D  (see  Table  on  page  193)  2,587  HlogrammcB. 


2,587 


ijT  =  21'64  kilogrammeB  the  coefficient  of  tension; 


then  5 


9-45 


21-64x2 
f  the  chiua  resting  on  the  tabs  at  the  working  span 

•22 


12-G5 

=  -22,  the  deflexion 
of  18-90  metres. 

The  curve  assumed  by  the  chain  ia  a  parabola  of  ^t^  =  "0024  ;  a 
parabola  of  ■0024x». 

On  a  flat  bank-head  a  policy  of  -13  metre  diameter  may  be  used 

advantageously  at  the  following  height : — ' 


Height  of  fork 

Cleannce  

Diameter  ot  pnlley 

Centre  ot  chain  above  pullej 


0-OB7S 
0-130 
0-0126 


Then, 


■24  +  -22 


:191-666'i  V191'66G'=  13-84  metres,  the  distance 


■0024 

of  the  lowest  part  of  the  suspended  chain  from  the  pulley,  or  13-84  —  9"45 
=  4-39  metres  fnira  the  pulley  to  where  the  chain  will  be  at  rest  in  the 
fork ;  but  as  the  chain  takes  hold  of  the  fork  when  the  link  ia  ■OS  metre 
from  home,  the  point  of  attachment  is  practically  at  3'33  metrea  in  front 
of  the  pulley.  The  level  forming  the  bank-head,  inclnding  the  I  metre 
that  the  pulley  is  distant  from  the  chain  wheel,  is  then  23-23  metres ;  it 
ia  tangential  to  the  summit  of  a  cun-e  connecting  the  profile  of  the  length 
to  the  bank-head ;  a  curve  of  less  radius  forms  the  kip  for  the  empty 
aide,  2  metres  short  of  the  leading-on  pulley,  under  the  guard  bars  of 
which  a  gradient  of  '025  is  sufficient  to  accelerate  the  momentum  already 
impai-ted  to  the  tub  by  the  chain  and  deliver  it  at  the  point  of  attach- 
ment in  the  bank-foot. 

It  is  not  at  all  times  that  such  a  desirable  bank-head  can  be  constmcted 
as  that  erected  at  D,  where  the  difficulties  of  a  gorge  and  a  steep  mountain- 
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Bide  rendered  it  expedient  to  modify  it  materiully,  nnd  as  a  substitute  to 
cHtablish  a  curve  that  vonid  only  admit  the  full  chain  to  ride  without 
dragging: 


Then. 


9-45' 


!  137'38  metres  which  being  divided  by  2  gives  68'69  metres 


as  the  radios  of  the  cnrve.  In  order  to  take  advantage  of  the  estra 
play  which  the  use  of  round  numbers  would  give,  the  radius  was  taken 
at  70  metrea,  which  gives 


18-9 


5  metres 


70x2" 

the  distance  that  the  point  of  suspension  on  the  tub  a  is  below  the  point 
on  the  tab  b. 

Such  a  bank-head  must  be  provided  with  pulleys  of  large  diameter 
to  meet  the  friction  caused  by  the  increased  angle  of  deflection  of  the 
chain,  which  has  to  adapt  itself  to  the  train  on  a  curve  of  such  great  fall; 
therefore,  1-29  metrea  between  the  centre  of  the  chain  and  the  rail  ia 
allowed,  which  ia  sufficient  for  pulleys  of  "276  metre  diameter ;  then 
the  difference  in  height  Ijetween  the  chain  in  the  fork  of  tlie  tab  b,  and 
the  chain  on  the  pnlley  p,  the  outside  dimensions  of  the  links  being 
■138  X  '081  metre,  will  be 


1-29  —  -I 


:  -47  metre,  -47  —  (0081  -r-  2)  =  -4295. 


'      '  ^     — '-  =  16-45  metres,  the  horizontal  distance  between  the 
■0024 

vertei  of  the  curve  described  by  the  chain  and  the  pulleys,  assuming 

the  train  to  be  on  a  level ;  but  the  difference  in  the  heights  of  the  tuba 

a  and  b  is  equal  to  an  inclination  of  '119 ;  therefore  the  distance  will  be 

16-45  —  4-93  =  11-62  metrea.    Then  ir52  —  9-45  =  2-07  +  1  (the 

distance  from  the  wheel  to  the  pulley^)  =  3-07  metres  from  the  centre 

of  the  wheel  to  the  point  of  attachment,  which  ia  also  the  summit  of  the 

carv-e,  whose  length  to  unite  the  level  at  this  point  to  an  inclination 

of -30  is: 


Log.  of  -; 


1-477121 


9-477121  =ioR.  tan.  of  16°  42' 
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Half  the  aDgle  of  intersection  of  this  angle  and  a  horizontal  line  is  : 

(5,400  —  4,899)  x  -000582  x  70  =  20-41  metres, 
the  length  of  the  curve.     The  tension  of  the  chain  on  the  empty  train 
(see  Table  on  page  193)  is  1,980  kilogrammes,  and 

-— ^ — — -  =  16*56  gives  the  coefficient  of  tension, 

'  9*45 

and  M»,Kn  wn      =  *28  the  deflexion. 

10  Ob  X  2 

Now  the  rise  of  the  curve  '28  +  '65  =  '93  metre,  and  as  this 
exceeds  the  height  of  the  point  of  suspension  by  '04  metre  it  will 
be  necessary  to  place  rollers  between  the  rails  to  receive  the  chain  and 
prevent  it  trailing  on  the  ground.  The  distance  that  these  rollers 
ought  to  be  placed  apart  to  support  the  chain  '132  metre  clear  of  the 
sleepers,  treating  the  deflexion  on  so  short  a  span  as  the  curvature  will 

establish   as  an   unimportant  quantity,  will  be   ^/•132  x  140  =  4*80 

metres.    To  provide  a  kip,  a  suitable  point  on  the  curve  is  chosen  at  m,  7 

7 
metres  from  the  summit,  where  the  tangent  possesses  -     ^      ^|  =  '100 

inclination,  this  is  continued  for  2*07  metres  to  the  height  of  9*86  metres 
and  8  metres  from  the  wheel,  then  a  curve  of  40  metres  whose  summit 
will  be 

•100  X  40  =  4  metres  further,  and 


y/40^  —  42  =  39-80  —  40  =  -20  metre  will  give  the 
height  of  the  summit  above  m;  the  cur\^e  is  then  continued  to  n,  8  metres 
from  the  wheel  from  where  its  tangent  having  an  inclination  of  '025,  is 
continued  to  the  flat-sheets. 

To  show  the  arrangement  of  curves,  parabolas,  and  planes,  all  tan- 
gentially  united,  which  constitute  the  profile  of  a  railway  passing  through  a 
piece  of  country  so  remarkable  for  the  abruptness  of  its  lines  of  configura- 
tion as  that  intervening  between  the  Anita  mine  and  Avellanosa,  the 
length  taken  as  an  example  is  that  of  C  Dc  (see  Plate  XVI.,  Fig.  3)  because 
it  presents  the  chief  difficulties  that  had  to  be  surmounted.  From  A  to  C 
there  were  not  many  difficulties  encountered  in  forming  the  line  at  a 
convenient  distance  from  and  parallel  to  the  run  of  the  mineral, 
80  as  to  meet  the  future  demands  that  mining  the  ore  at  lower  depths 
would  entail.  From  A  to  B  it  was  mostly  made  by  the  shovel,  which 
the  peasants  had  to  be  taught  to  use,  in  the  form  of  a  ledge  in  the 
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mine-refuBe  lying  on  the  monntain-side  at  its  natural  slope  of  45°.  The 
embankment  below  B  wiia  formed  of  refuse  conveyed  from  the  heap  by 
tub  and  tram. 

It  was  decided  that  the  best  way  of  contending  with  the  hill  and  ravine 
below  0  was  to  pierce  the  former  with  a  tunnel  {see  Plate  XVII.,  Fig.  5); 
and  with  the  stones  won  in  driving  it,  together  with  the  stones  produced 
by  the  cutting  on  the  opposite  ridge,  to  form  a  dry  wall  embankment  after 
the  manner  shown  in  Plato  XVIL,  Fig.  6),  These  walla  were  adopted  in 
preference  to  wood-work,  which  w&e  avoided  as  much  as  possible  on 
acconnt  of  its  short  life  in  a  climate  which  produces  rapid  decay  in  the 
poor  pine  that  it  is  nsnal  to  import,  and  the  im possibility  of  procuring 
carpenters  who  have  had  any  experience  in  erecting  such  work.  In  the 
constrnction  of  the  walls,  the  knowledge  that  the  local  masons  and  the 
peasantry  of  the  neighbourhood  possess  and  their  skill  in  dry-walling 
were  utilized. 

Where  the  blue  schistoBe  rock,  which  crumbles  after  long  exposure  to 
the  weather,  has  been  nsed,  the  walla  (provided  with  weeping-holes)  were 
plastered  with  lime  for  their  protection.  On  the  high  side  of  these 
embankments  where  the  ditch  could  not  bo  cut  in  clay,  or  where  the 
formation  is  above  the  natural  surface,  adequate  means  were  taken  for 
preventing  the  surface-water  from  penetrating  among  the  stones  of  the 
hank  by  covering  them  with  earth  and  providing  a  collecting  ditch  to 
convey  away  the  water. 

The  water-ways  in  the  embankments  are  vertical  openings  between 
transverse  buttresses  which  give  additional  strength  to  the  whole. 

Having  estimated  the  resources  for  stone,  examined  the  ground,  and 
decided  that  the  height  of  the  embankment  ought  not  to  exceed  1  metre 
at  peg  154  (See  section  C  Dc,  Plat*  XVI.,  Fig.  3),  then,  in  order 
to  find  the  curve  the  chain  would  assume  suspended  across  this  hollow,  it 
was  necessary  to  find  first  the  tension  of  the  chain  on  the  fnll  train,  which, 
as  the  curve  was  concave,  was  the  greatest  tension  required. 

The  peg  (Plate  XTI.,  Tig.  3),  is  180-67  —  119'67  =  60-90  metres 
above,  and  1,537'07  —  1,164-15  =  373-52  metres  from  the  terminus  at 
the  loose  wheel  Dc ;  then 

46-65  X     60-90  =  2,840-98 

4IJ-65  X  873-52  x    025=     436-0:! 

2,4l5-3S-«-500  =  i:,9I6kTlo- 
grammes  the  tension  on  the  full  chain.     With  this  tension,  and  a  span  nf 
I2-G5 
'^2,915  X  2 


18-90  metres,  the  deflesion  w 


-  X  9-15' =  -1937;  then  with 
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—  a  parabola  of  ■00217a:'.     From  peg 

154  going  towards  C,  gnided  by  a  section  over  the  line  of  pegs  of  equal 
horizontal  and  vertical  scales,  it  was  fonnd  convenient  to  introdnce  a  plane 
having  an  inclination  of  "1 7  ae  a  tangent  to  the  parabola  of  '002,  althongh, 
perhaps,  it  would  have  been  better  to  have  alJoived  a  little  more  play  for  acci- 
dental Etrains  which,  by  reducing  the  defleiion,  might  have  lifted  the  chain 
out  of  the  forks  and  caused  the  tubs  to  run  together,  but  the  disadvantages 
attending  any  increase  in  the  height  of  the  embanlcment  did  not  admit 
of  this  i  then 

■17  =  2  X  -0021,  and  t  =  42-5  metres 
the  distance  that  the  parabola  will  occupy  in  the  profile,  and  the  height 

■002  X  42-5'  =  S'fiia  metres. 
As  it  was  convenient  to  have  the  formation  at  a  point  fixed  at  a 
distance  of  ],580'22  metres,  with  the  rails  at  a  height  of  18t^l9  metres, 
the  vertex  of  the  paralwla  was  184'19  —  3'62=180^57  metres  at  the 
distance  of  1,.537'67  metres;  theinchnationof -170  was  continued  for  1.V45 
metrec,  x  being  l,595'fi7  and  y  lfii!^81  metres.  At  this  point  a  curve  is 
introduced  to  join  the  inclination  of  'IIR?  being  the  inclination  of  the 
tunnel  best  adapted  to  suit  peculiarities  in  the  beds  of  the  rock,  offering 
good  roofs  for  the  mouths  of  the  tunnel. 

■17       =0°5i!' 

■1187  =  6  411 

176  5(t  H-  2  =  fi8°  28'  half  the  angle,  of  intersection. 
Selecting  a  curve  of  200  metres  riidius:  88°  28'=6,S08'j  then  (5,400 
—  5,308)  ■0(10582  X  200  =  l(i^70  metres  the  length  of  the  curve;  Oie 
point  of  intersection  of  these  two  lines  a-  =  l,593"fl2  metres,  and  the 
cui-ve  will  extend  from  x  =  1,5!I5'C7  metres  to  j^  =  l,fiOR-37  metres 
a  point  4  metres  inside  of  the  northern  month  of  the  tutmel.  To 
ascertain  the  height  of  these  points : 

15-45  X  ■17=2-62  + 184^19=!/  =18(5-81  metres;  j;=l,C95-e7  metres. 
To  arrive  at  the  value  of  y,  x=  1,606-37  metres,  find  the  offset  from  the 
tangent  -17  to  an  arc  of  a  curve  of  20i^  metres  radius  whose  chord  is 
10^70  metres, 

in^70  X  -17— g^q'^g  =  1-53  +  186-81  =  188-34  ; 

1/  =  188-34  metres,  x  =  1,606-37  metises. 

The  tnnnel  104  metres  in  length,  2^30  metres  wide,  and  1-90  metres  high 

(see  Plate  XVII..  Fig.  5)  was  driven  from  both  ends,  through  the  blue 

schistose  rock  of  the  diBtrict,  and  did  not  need  any  lining  of  masonry. 
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Betnming  to  a;  =  1,537"67  mctras,  and  proceeding  towards  Dc,  as  the  ridge 
in  front  did  not  present  any  great  dlfficuJty  a  parabola  much  flatter  than 
that  on  the  soath  Bide  was  employed,  and  one  of  y  =  -Ouia  a?^  having  a 
tangent  of '135  was  chosen;  then 

■125 

^^^j^^  =  41-(;C  metres  =  x, 

and  41'66''  X  '0015  =  2-60  metres  =  y 

with  this  the  point  x  =  1,587-67  —  41-6|!  =  1,436'01  metres  and  y  = 
180'67  +  2'60  =  183-17  metres.  "Wishing  to  ntilize  a  certain  quantity 
of  suitable  building  ?tone  that  showed  it«elf  on  the  line  of  the  route 
over  the  ridge,  the  rock  was  cot  the  full  width  of  the  formation.  The 
tension  of  the  empty  chain  at  this  point  was 

KUoannuiUH. 

183-85  —  119-67  =  64-18  X  12-65  =  811-87 

l,41>0-57  — 1,164-15=  826-i2x  12-65  X  "025=  103-23 

708-64+  500  =  1,208 

u  .-s^iis-  .-)  n  *»- — '467  metres  the  deflexion  of  the  ch&iB, 

■89  —4-67  =  -423  metre 

the  available  maximum  riae,  -^j^  =  191'22  -^  2  =  95-61  metres,  the 

radina  of  the  curve,  an  arc  of  which  whose  chord  is  1S'90,  has  a  rise  of 
■423  metre,  consequently  the  cnrve  of  135  metres  adapting  itself  to  the 
surface  was  introduced  advantageously. 

The  summit  of  n  circle  of  135  metres,  whose  tangent  is  at  an  inclination 
of  "125  with  the  horizon,  will  place  itself  in 


•125  X  135  =  IG'875,  v'13o='  —  16-875'  =  133^93  metres. 

133-03  X  -125  =  16-74  metres. 

Then  x  =  1 ,40O^57  —  1 6-74  =  1,473'8S  metres,  and  y  =  135  — 133'93  = 

1-07  +  183-85  i  from  this  point  the  curve  is  continued  until  y=  1,444-43 

metres : 

1,473-83  —  1,444-43  =  29-40  metres, 

29-40' 
135  X  2  " 

y  =  184-92  —  3-20  =  181-72  metres. 
Between  the  point  x  =  1,444-4  3  metises  and  x  =  1 ,294'(i3  metres  the  profile 
follows  the  surface  closely,  the  ohje<:t  being  to  excavate  jast  sufficient 
on  the  high  side  of  the  centre  line  to  form  the  embankment  for  tlie  half 
of  the  formation  on  (he  low  side,  because  the  steep  mountitin  side  did  not 


i  =  3'20  metres, 
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carry  more.  Both  here  and  on  the  length  D  E  below,  great  precantion 
had  to  he  taken  to  prevent  the  earth  and  ebones  when  once  set  in  motioQ 
eecaptng  and  bounding  down  the  hill,  on  to  and  over  the  road  beneath  to 
the  beach.  Approaching  Dc  ia  a  length  of  C4'0S  metres  having  an 
inclination  of  '30  metre,  which  is  the  longest  length  of  the  mazimnm 
gradient;  on  this  the  average  depth  of  cutting  is  1*290  metres,  mostly  rock 
which  was  utilized  in  ballasting  the  adjacent  lengths.  At  the  foot  of  this 
gradient  is  a  pnratiola  of  '005 ;  it  is  much  flatter  than  the  cliain  required, 
in  order  to  save  the  cost  of  an  embankment  which  would  have  been 
required  if  the  cutting  had  been  dispensed  with.  The  point  at  which 
the  loose  pulley  Dc  is  fixed  upon  is  determined  with  a  view  to  meet  the 
design  of  the  brake  station  D  (see  Plate  XVIII.,  Fig.  I). 

The  principsil  reason  for  deciding  that  the  wheel  D  should  be  eight 
metres  beyond  A,  the  point  of  intersection  of  the  centre  lines  of  the  two 
lengths  C  Dc  and  D  E,  ia  because  of  the  immediate  and  abrupt  fall  that 
esists  from  A  towards  E,  on  which  it  would  have  been  both  difficult 
and  costly  to  tiave  erected  the  bank-head  already  described  (see  Plate 
XVII.,  Fig.  4).  In  placing  D  thus,  the  ends  of  the  wooden  beiuna 
that  support  the  machinery  have  been  let  into  and  secured  in  the 
limestone  rock  in  which  the  station  is  cut,  thereby  saving  the  coat  of  the 
walla  of  masonry  that  otherwise  would  have  been  needed  for  the  purposa 
of  receiving  them.  The  rock  detachcd,and  the  large  stones  from  the  cnlting 
above  Do,  were  sufficient  to  form  the  dry  wall  ombajikment  close  at  hand. 

Station  E  (see  Plate  XVIII.,  Fig.  2)  is  situated  on  the  aide  of  the 
royal  road.  After  some  deliberation  it  was  decided  that  a  subway  would  be 
the  means  best  adapted  to  overcome  the  various  obataclea  and  meet  the 
official  rcquirementa  in  dealing  with  the  highway,  Tliis  Bnbway,  82 
metres  long,  is  lined  throughout  with  pick-di'essed  limestone  blocks; 
the  side  walla  have  a  batter  of  1  in  20,  supporting  an  arch  of  120° 
curvature,  with  a  span  of  2'30  metres;  to  reach  the  lower  level,  a  break 
in  the  system  was  introduced,  in  the  sliape  of  an  ordinary  drop  staple  of 
I3'50  metres,  situated  at  a  distance  of  5  metrea  from  the  line  D  R 
The  inside  dimenEiona  of  the  rectangular  shaft  were  2'75  metres  by  1"50 
metrea,  formed  of  three  walls  of  masonry,  two  of  which  connect  the  outer 
and  stouter  wall  to  the  cliff;  so  that  the  full  tube  should  leave  the  chain  under 
the  supporting  pulliea  at  Eo,  gravitate  on  the  flatahecte  A  to  the  banksman, 
who,  in  pushing  the  full  tab  into  the  cage  simultaneouRly,  would  force  out 
the  empty  tnb  on  to  the  fiatslieets  B,  where  it  would  be  received  by  ahoy  who 
would  direct  it  towards  Er,;  at  the  bottom  of  the  staple  the  onsetter  on  the 
Bide  B  actmg  similarly  to  the  bankunan  above,  would  land  the  full  tub  on  the 
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side  A,  where  a  mnn  giving  it  the  direction  caones  it  to  gravitate  towards 
the  flatehcctB  behind  E,  Although  the  rate  at  which  the  tuba  laud  on  the 
flalflh«ts  A  is  one  every  20  seconds,  the  dropping  ia  easily  accomplished 
and  rendered  easier  for  the  workmen  by  hinging  the  rails  on  which  the 
tab  resta  to  the  A  end  of  the  cage  whilst  the  cage  is  at  the  top,  the  rails 
(on  the  top  of  which  are  fixed  pieces  of  flat  bar  I  centimetre  thick,  and 
just  long  enongh  for  the  wheels  to  span  whilst  at  rest  on  the  rails, 
also  answering  the  pnrpose  of  snecks)  retain  a  horizontal  poBition  assumed 
by  virtnc  of  well-fitting  shoes  that  hold  a  good  length  of  slide,  but  on 
arriving  at  the  bottom  the  loose  ends  of  the  rails  are  received  by  a  pair 
of  chocks,  when  the  weight  of  tlie  tub  brings  the  hinges  into  play,  the 
Tails  acquire  an  inclination,  cause  the  full  tub  to  mount  and  land  itself 
on  to  the  flatsheets  on  the  side  A.  The  balance  wheel  (eoe  Plate  XVII,, 
Figs,  10  and  11)  has  a  rectangular  groove  150  millimetres  deep  by 
45  millimetres  wide.  Inserted  in  this  groove  and  projecting  through 
openings  in  the  flanges  are  12  blocks  of  wood  of  160  millimetres  by  165 
millimetres  by  120  millimetres,  secured  in  position  by  a  split  pin  passing 
throngh  them  on  the  outside  of  each  flange  of  tlie  rim.  Out  of  these 
wooden  blocks  are  sawn  pieces  iu  the  form  of  isosceles  triangles  of  50° 
the  angle  at  the  vertex.  These  dents  occupy  the  centre  of  the  groove 
roceiving  the  rope,  which,  by  virtue  of  the  weight  of  the  load,  is  held 
firmly  by  the  wheel  and  is  controlled  by  the  brake. 

The  chains  on  passing  over  the  pulleys  at  En  descend  10  metres  and 
pass  Ix^ncath  bearing  down  pulleys  that  lead  the  chain  horizontally,  on  and 
oif  the  wheel  E,  on  the  end  of  the  shaft  and  3'25  metres  above  the  wheel 
of  the  chain  E  F. 

From  the  flatsheets  at  A  there  is  a  line  of  rails  leading  to  a  gangway 
on  which  there  is  a  kick-up  placed  over  a  deposit  or  hunker  cut  in  the  rock  j 
the  bottom  of  the  shoot  ia  cut  at  an  angle  of  50°  so  that  the  ore  tipped  at 
the  kick-up,  banks  and  covers  the  platform  below,  in  which  and  also  in 
the  front  are  two  openings  45  centimetres  wide.  As  the  bunker  fills  these 
are  closed  with  lengths  of  battens,  and  iu  filling  the  bullock  carts  iu  front 
or  below  the  deals  are  removed  one  by  one  as  required,  allowing  the 
mineral  to  tnmble  into  the  carts.  Two  openings  are  provided  to  obtain 
Bofficient  capacity  in  the  bunker  so  thai  two  carta  can  load  at  a  time. 
This  provision  is  made  to  meet  the  desirability  of  having  always  at  Castro- 
tJrdiales  a  stock  of  mineral  upon  or  near  to  the  quay  at  that  port,  which 
although  it  has  to  lie  taken  there  by  bullock  carte,  has  at  times  been 
found  an  advantage  to  load  under  the  shelter  of  the  promontory  of  Caslro, 
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espedally  when  a  cargo  has  to  be  completed  with  despatch,  and  wtun 
the  long  prevalence  of  severe  weather  lias  rendered  Bhipraent  impossible 
at  Avetlanosa. 

The  length  E  F,  besides  the  catting  at  the  month  of  the  rabway  and 
the  three  bridges,  two  over  and  one  nnder  the  railway,  does  not  possess 
any  important  feature  as  the  line  of  profile  ihroiighont  mns  very  near  to 
the  surfaoo  of  the  land. 

On  leaving  F,  the  lowest  point  in  the  railway,  the  rails  aro  only  2"97 
metres  above  high  water  mark,  and  cross  the  cstnory  on  a  wooden  hridgc 
80  metres  in  length,  made  of  braced  girders  resting  on  piles;  the  railway 
then  passes  along  on  the  top  of  the  rocks,  the  side  towards  the  sea  being 
protected  by  a  wall  extending  from  the  base  of  the  pier  to  G. 

Between  Q-  and  H  the  railway  crosses  an  angle  in  the  sea  wall  on 
longitudinal  beams  running  parallel  to  each  other  at  such  distances  apart 
BE  to  allow  of  the  reception  of  the  rails,  thns  dispensing  with  a  platform 
which  would  offer  too  great  a  resistance  to  the  waves  that  might  be 
projected  up  the  face  of  the  wall  in  some  of  the  heavy  seas  occasionally 
experienced.  The  longitudinal  beams  are  supported  by  beams  resting  on, 
secnred  in,  and  held  by  bolts  built  into  the  wall,  their  opposite  ends  being 
supported  and  weighted  to  counteract  that  of  the  load.  After  crossing 
this,  the  railway  rune  along  on  the  front  of  the  cliff  to  the  terminus  H, 
12-il  meti-efi  above  high  water  mark. 

The  formation  (see  Plate  XVIII.,  Figs.  3and'l)is  S  metres  wide, both 
on  embaukmonU  and  in  cuttings.  Very  little  ditch  Is  needed,  provision 
being  made  for  collecting  the  surface  water  on  the  high  aides  of  the 
slopes  and  directing  it  to  the  water  ways  prepared  for  its  passage  onder- 
ncath  the  railway.  The  distance  between  the  centres  of  the  two  lines 
of  way  of  "45  metre  (17'71  inches)  gauge,  is  1'20  metres.  Where  the 
inclination  and  height  of  the  two  ways  are  equal,  th rough-sleepers  of 
native  oak  2'20  metres  long  by  16  centimetres  wide  and  9  centimetres 
thick  are  used.  The  flat-bottomed  rails  specially  made  for  the  railway, 
and  with  which  the  lengths  BO,  CD,  and  DE  are  laid,  are  of  Bessemer 
steel,  weighing  12'40  kilogrammes  per  metre  (25!b8.  per  yard)  notched 
lor  joint  spikes  and  holed  for  fish-plates.  To  avoid  the  nnnecessary 
weakening  of  the  inside  plate,  pnnehed  as  is  customary  to  receive 
square-necked  bolts,  the  bolts  have  pear-shaped  necks.  The  apikea 
are  75  millimetres  long  by  10  millimetres  square,  placed  one  per 
sleeper  per  rail,  inside  and  outside  alternately.  Rather  more  than  half 
of  the  railway  is  laid  with  flat-bottomed  steel  rails,  weighing  20  kilo- 
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gnmmes  per  metre,  that  had  been  got  for  the  locomotive  line  from  0 
to  P,  and  had  to  be  used,  and  to  save  conveying  their  extra  weight  they 
were  laid  at  the  two  ends  of  the  line  near  to  where  they  were  lying. 

The  ballaet  nsed  consists  for  the  moat  piirt  of  stone  obtained  from 
the  cuttings,  broken  by  hand  to  the  size  of  road  metal.  In  some  places 
it  was  not  only  cheaper  but  an  advantage  to  use  tbe  reftise  in  the 
vicinity,  which,  owing  to  its  nature  after  a  Uttle  treading,  becomes 
impervious  to  water  and  keeps  the  line  immovably  fised  after  it  has  been 
once  well  topped. 

As  a  precaution  against  the  tendency  there  is  in  a  way  laid  on  eteep 
inclinations  to  gradually  move  in  the  direction  favoured  by  the  incline, 
through  the  working  of  the  ballast,  a  stout  sleeper  has  been  inserted  at  every 
third  joint  on  the  low  aide  of  tbe  joint  sleeper,  to  which  the  railfl  are  fixed 
by  spikes  driven  through  holes  specially  drilled  in  the  flanges  of  each  raU; 
behind  this,  and  on  the  inside  of  the  ont«r  rails  are  45  centimetres  iron 
bolts  set  in  cement  in  holes  drilled  in  the  rock;  where  the  ballast  is  refuse 
this  is  quite  useless,  as  the  notches  in  the  rails  hold  to  the  spikes  in  the 
immovable  slecpere;  where  there  is  neither  rock  nor  this  refuse,  strong 
stakes  driven  into  the  ground  behind  a  sleeper  are  sometimes  nscd. 

Excepting  two  or  three  places  where  it  would  have  entailed  more 
expense  than  was  commensurate  with  the  saving  in  wear  and  tear  to  bo 
gained  to  have  constructed  the  profile  so  that  the  chain  should  always 
ride  clear  of  the  ground  without  touching,  there  are  a  few  rollers 
used  to  support  the  chain  above  the  sleepere,  and  they  are  placed 
on  the  bank-heads  at  A  and  D,  and  at  the  F  end  of  the  subway, 
with  odd  ones  in  some  of  the  bank-foote,  useful  when  a  chain  loses  the 
sustaining  tension  throngh  wear,  or  during  the  excessive  heat  of  mid-day 
when  expansion  produces  the  same  efiect.  The  rollers  are  formed  of  two 
tnb  wheels  running  loose  npon  an  axle  held  by  two  cleats,  whose  ends  are 
spiked  to  two  adjoining  sleepers,  the  space  between  them  that  receives 
the  vertical  link  is  adjusted  by  placing  a  washer  between  the  nozzles  of 
the  bosses.     (See  Plata  XVIII.,  Figs.  3  and  i.) 

Behind  the  works  at  Dicido  there  is  a  bed  of  limestone  possessing  the 
proper  combination  of  silica  and  alumina  to  yield  a  hydraulic  lime  in  an 
eminent  degree ;  tins  lime,  manufactured  on  the  place,  has  been  used  in 
the  erection  of  the  sea  walls  and  piers,  and  has  also  been  of  good  service 
in  the  erection  of  the  walls  for  binding  the  wooden  fi'amework  supporting 
tbe  machinery  at  the  different  angles  and  stations  where  other  means 
have  not  been  employed. 


306 


WBt  nrSL£BS  CH&IN   I 


Plate  XVTTT,,  Fig.  5,  descriheB  the  manner  in  which  the  wheels  and 
pnlleys  at  the  angles  and  Btationa  are  fixed,  and  a  plan  (Plate  XIX., 
Fig.  1)  18  given,  showing  the  brake-station  0.  Tlie  tranHverse  beamfl  are 
ehown  in  the  former  aB  being  cut  on  the  line  of  the  two  lengths  C  B 
and  C  Dc,  that  intersect  at  the  centre  of  the  shaft  of  the  chain-wheel  A, 
shown  on  the  latter.  The  masonry  is  rahble  and  small  stones  set  in 
hydraulic  lime,  or  what  may  be  practically  termed  concrete.  The  principal 
walls  that  secure  the  ends  of  the  two  beams  that  together  form  a  seat  for 
the  footstep,  and  the  three  beams  placed  -lO  metre  apart,  with  intervening 
chocks  through  which  the  main  carriage  holding  bolts  pass,  bracing  the 
whole  into  one  rigid  support  for  the  machinery,  form  a  aohd  resistance 
against  the  tension  towards  Dc  of  5,552  kilogrammes;  these  walls  are 
I  metre  thick  on  the  side  that  the  tension  is  greatest,  and  the  wing-walla 
for  holding  the  pnlley  and  guard-beams  are  '60  metre  and  '85  metre 
thick  respectively. 

The  chain-wheel  A  rests  upon  a  collar,  and  is  keyed  to  the  shaft  with 
two  keys  placed  at  120°  apart.  Besting  upon  this  wheel  is  the  loose-wheel 
B  (see  Plate  XTIL,  Fig.  9),  and  above  all  clearing  the  transverse  beams 
5  centimetres  is  the  brake  and  spar-wheel  0;  as  the  Ijalance  or  pendulnm 
regulates  the  works  of  a  clock,  the  fan-fly,  analogous  in  ite  properties 
and  use,  regulates  the  speed  of  the  train  on  an  endless  chain  (see  Plate 
XIS.,  Fig.  1).  The  fan-fly  revolves  on  the  outside  of  the  station  wall, 
and  between  that  and  an  outer  wall  erected  to  canj  the  carriage  that 
holds  the  end  of  its  shaft,  which  is  in  this  instance  5'20  metres  in 
length  with  three  Ijcarings,  the  fan  is  driven  by  he^'cl  gear  of  12  to  96. 
The  speed  of  the  train  being  one  metre  per  second,  the  fan-fly  makes  128 
revolutions  per  minute.  Fonr  pairs  of  dams  form  arms  to  the  blades  and 
receive  the  deals  '03  thick  of  which  they  are  composed,  and  readily  admit 
of  adjustment  in  the  regulation  of  the  governing  power  of  the  fan-fly. 

To  control  the  train  there  is  also  an  ordinary  lever  brake  with  two 
adjusting  screws  on  the  brake-strap,  which  encircles  a  scries  of  articalated 
segments  of  a  circle  formed  in  poplar  wood;  by  this  means  the  cleading 
or  segments  can  be  renewed  without  removing  the  brake-strap,  or  kept 
continaally  efficient  by  adding  fresh  cleata  or  segments  in  front  of  the 
wheel  as  required  and  taking  out  the  worn  ones  from  behind.  The 
lever  is  balanced  by  a  weight  hanging  from  a  pulley  on  the  Hall,  heavy 
enough  to  slack  off  the  brake.  In  applying  the  brake,  to  remove  all  pos- 
sibility of  any  more  sudden  application  than  is  necessary  to  stop  the  train 
in  20  seconds,  aud  as  a  precaution  against  breakage  of  machinery  or  the 
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lifting  of  the  chain  out  of  the  forks  in  the  hollows,  a  slow-powerod  winch 
with  hempen  rope  is  nsed,  which  enables  the  brakesman  to  control  the 
train  at  will. 

Transport  has  formed  a  very  important  item  in  the  coste  of  construo- 
tion ;  the  materials,  after  having  been  deposited  at  two  or  three  pointe 
only  accessible  to  bullock-carts  carrying  a  load  of  half-a-ton  and  making 
(in  dry  weather)  two  jouruGys  per  day,  were  carriod  or  dragged  by 
the  workmen  to  whore  they  were  needed.  To  avoid  this,  and  the 
delay  caused  by  bad  or  nnfavourable  weather,  as  well  as  to  save  cost, 
the  masonry  walla  were  dispensed  with  at  A',  and  instead,  a  wooden 
framework  was  erected  (see  Plate  SIX.,  Figs.  7  and  8)  consisting  of  two 
laced  girders  resting  uj)On  four  light  transverse  beams.  From  the  ends 
of  these  the  gnard,  pulley,  and  carriage-beams,  supported  by  the  girders, 
were  stayed ;  the  latter  beams  are  also  laced,  thus  securing  a  lightness  of 
structure  combined  with  a  rigidness  favonrable  to  their  more  general 
adoption  under  similar  circnmatances. 

The  25  millimetre  chain-wheels  (see  Platfi  SIX.,  Figs.  5  and  fi)  ara 
formed  of  discs  of  1'07  metre  diameter,  the  top  side  being  a  flat  plane  ab 
right  angles  with  its  asis,  provided  with  a  depending  groove  145  millimetres 
deep  and  80  millimetres  thick ;  this  groove  contains  25  square  sockets,  whose 
centres  only  are  radial  to  the  centre  ofthe  disc,  which  receive  the  claws  that 
are  held  out  to  the  chain  formed  by  a  second  or  inner  rim  connected  by  parti- 
tions, dividing  thcBockets,  to  Uie  outer  rira,  the  whole  designed  to  give  free 
access  to  the  tap  bolte  and  to  the  bniss  washer  liners  nsed  in  setting  the 
claws.  The  neck  of  each  bolt  is  furnished  with  a  spring  washer  (two 
dished  washers  placed  with  the  concave  sides  together)  as  a  protection 
against  the  unthreading  of  the  boll*  in  drawing  home  the  claws,  which 
are  planed  on  all  sides  that  they  may  fit  the  sockets  perfectly  without 
vibration.  The  claws  are  designed  to  admit  the  horizontal  links  (which, 
when  home,  rest  on  the  bottom  of  the  notch  prepared  for  their  reception) 
and  enteting  between,  take  hold  of  the  after  part  of  the  vertical  links. 
The  most  important  point  to  watch  in  supervising  the  working  of  the 
wheels  is  to  prevent  the  links  from  moving  when  once  they  have  taken 
their  form  until  they  have  to  rise  to  leave  the  wheel ;  after  the  claw  has 
once  taken  hold  of  the  link  it  ought  to  remain  at  rest  whilst  in  its  form, 
as  any  movement  means  heavy  wear  and  tear.  To  prevent  this  occurring 
the  horizontal  links  are  frequently  tapped  in  the  claws  with  a  hammer; 
if  they  should  sound  as  not  in  tension,  then,  as  understood,  the  daws 
need  pntting  ont  a  httle,  which  is  done  by  slacking  the  top  bolts  of 
each  alternate  claw  and  inserting  a  millimetre  (the  thickness  of  the 
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thinneet)  liner  behind  the  claw.  Should  the  setting  ont  of  the  claws 
be  overdone,  the  fore  part  of  the  Tertical  links  will  be  immediately 
marked ;  then  the  clawa  must  be  set  back  by  removing  the  liners. 
With  sach  care  as  this,  the  wear  and  tear  is  reduced  to  a  minimnm 
that  will  compare  favonrably  with  that  of  any  other  description  of 
wheel. 

The  18  millimetre  chain-wheelB  are  (see  Plate  XIX.,  Figs.  2, 3,  and  i) 
five-armed  puHeya  with  a  flat  trod,  in  which  is  a  grnove  cnt  to  admit  the 
horizontal  links;  in  this  fillccn  claws  are  fixed,  that  take  hold  of  each 
alternate  vertical  link;  the  claws  terminate  in  bolts  which,  passing 
throagb  the  rim  of  the  jwheel,  are  held  in  their  seats  by  check-nntsj 
they  are  further  supported  by  notches  in  the  flange  that  admit  the 
sides  of  the  claw. 

Next  in  order  of  importance  are  the  leading-off  and  leading-on  pulleys, 
the  design  of  which  cannot  have  too  much  attention,  especially  if  the  chain 
should  be  as  heavy  as  the  one  being  described,  for  it  is  in  passing  over 
these,  where  bank-heads  are  short,  that  the  chain  under  great  tension  is 
bent  to  a  greater  angle  than  elsewhere.  To  reduce  this  angle,  a  pulley  of 
greater  diameter  is  used;  but  as  this  mode  of  diminishing  the  friction 
materially  affects  the  design  of  the  whole  structure,  increasing  the  spaoe 
occupied  and  requiring  a  more  masaivo  design  than  otherwise  would  have 
been  necessary,  a  pulley  (see  Plate  XIX.,  Figs.  9  and  10)  was  suggested  as 
meeting  requirements.  It  consists  of  two  rollers  with  a  sheave  between 
them,  all  working  freely  and  independently  on  a  shaft  ftimished  with  loose 
brass  collars,  which,  keeping  the  pulleys  together  and  worldiig  free  in  the 
hanger,  allow  the  same  play  of  19  millimetres  that  the  chain  has  in  pas- 
sing through  the  opening  A  between  the  guides  B.  The  diameter  of  the 
rollers  and  slieave  are  276  and  209  millimetres  respectively.  The  object 
of  the  sheave  is  to  support  the  vertical  link,  whilst  the  space  between 
the  sides  of  the  liorizontal  link  is  passing  over  the  rollers,  thus  pre- 
venting tbo  dropping  of  the  chain  3^  millimetres  eacli  time  that  a  fiat 
link  passed  over  the  pulley,  or  in  other  words,  saving  the  chain  5S0 
blows  per  minute,  and  much  reducing  the  noise  which  is  also  of  some 
importance. 

The  slots  in  the  hanger  afford  the  easy  adjustment  of  the  pulley  to 
that  height  which  will  assure  the  horizontal  links  of  the  chain  leaving  the 
notches  in  the  claws  without  friction.  When  the  requisite  height  is  ascer- 
tained, the  hanger  is  prevented  from  working  down  by  placing  a  piece  of 
packing  under  the  flange,  or  letting  the  flange  into  the  top  of  the  beam 
as  the  case  may  require. 
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The  leadiDg-oti  pulleys  are  best  arranged  when  they  hang  indepen- 
dently of  the  guard  bars,  because  there  is  always  a  difficulty  in  adjusting 
the  guards  when  they  carry  the  bearings  for  the  pulley,  so  as  to  give 
it  that  freedom  of  play  that  leading-on  pulleys,  especially  those  in  the 
bank-foots,  require.  The  design  (see  Plate  XVII.,  Figs,  7  and  8j  shows  a 
poliey  composed  of  two  reversible  loose  rollers  and  a  sheave,  working  freely 
on  a  brass  boss  between  two  flanges,  one  of  them  being  a  removable  screw 
flange  which  permits  of  the  three  pieces  being  taken  apart  and  cleaned 
from  the  dirt  that,  carried  by  the  chain,  finds  its  way  between  the  sheave 
and  the  rollers,  and  would,  if  not  thus  attended  to,  clog  thcmj  this  pulley 
works  also  loose  on  a  shaft  held  in  the  two  eyc-piecca  riveted  on  to 
a  plate  provided  with  slots  for  the  hangers. 

The  style  of  greaser  preferred  is  a  plain  simple  disc,  or  rather, 
pair  of  wooden  discs,  each  well  secured  between  a  pair  of  flanged  bosses 
on  the  same  shaft  or  asle,  the  ends  of  which  revolve  in  suitable  bearings 
placed  on  the  ends  of  the  box  containing  the  supply  of  grease,  within 
which  the  discs  revolve ;  it  is  either  made  of  wood  or  cast  in  metal.  On 
the  periphery  of  the  dist^s  a  strip  of  india  rubber  of  3  centimetres  aqnare 
is  held  by  sci'ews  well  let  in,  the  whole  so  set  that  the  axle  of  the  tub  in 
passing  over  compresBes  the  rublwr  to  the  extent  of  7i  millimetres,  and 
whilst  receiving  a  sufficient  amount  of  lubrication  for  a  journey  of  5,000 
metres,  causes  the  discs  to  revolve  and  bring  up  a  supply  fur  the  aile 
foUowing. 

Under  the  impression  that  the  foregoing  description  of  the  railway 
would  be  considered  incomplete  without  some  reference  being  made  to  the 
cost  of  working  it,  or  rather  that  a  reliable  estimate  of  the  working  cost 
would  enhance  the  value  of  the  paper  considerably,  an  endeavour  is  made 
to  furnish  in  detail  such  particulars  as  will  explain  in  what  manner  the 
cost  of  leading  per  ton  has  been  arrived  at. 

The  value  of  the  plant  is  taken,  aud  as  in  the  case  of  the  cbaiu  and 
rails,  a  sum  of  money  is  reserved  annually,  which,  at  three  per  cent.,  will 
be  sufficient  to  replace  the  first  cost  at  the  termination  of  eight  years  for 
the  chain  and  fifteen  for  the  rails ;  their  value  as  old  material  being 
reserved  to  meet  the  cost  of  laying  the  new  road,  placing  the  chains, 
or  for  any  contingency  which  at  present  it  is  impossible  to  foresee,  bat 
which  after  the  lapse  of  so  many  years  may  occur. 

The  pulleys,  rollers,  cages,  ropes,  turntables,  &c.,  arc  all  included  under 
the  head  of  machinery,  which  is  of  substantial  design,  and  an  annual 
chai^  of  seven  per  cent  is  made  for  depreciation  imd  wear  and  tear, 
which  is  also  supposed  t«  cover  any  breakage  the  result  of  accident. 
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It  IB  CBsential  to  the  preserration  of  the  wood-work  of  the  bridges 
and  framework  at  the  BtatioiiB,  as  also  to  the  whole  of  the  woodwork  of 
the  line  that  will  admit  of  it,  that  it  should  be  protected  by  a  covering  of 
paint  or  tar;  the  cost  of  tliis  ia  included  in  the  estimate  for  repairs  to  the 
woodwork,  which  also  includes  the  renewal  of  the  sleepers. 

The  cost  of  repairing  the  tubs  cau,  necessarily,  only  be  an  estimate, 
but  the  figures  given  ('550  pence)  are  baaed  upon  ii  personal  knowledge  of 
the  carefully  ascertained  cost  of  other  tubs,  and  the  contract  price  of  sucb 
work  is  deemed  sufficient  to  keep  them  in  a  high  state  of  efficiency;  this 
cost  is  necessary  more  to  meet  the  wear  and  tear  of  the  mine  than  that 
to  which  they  are  subjected  on  the  railway.  An  important  item  in  favour 
of  the  endless  chain  where  there  are  heavy  inclinations,  is,  that  the 
destruction  to  rolling  stock  and  plant  through  accident  is  less  than  that 
of  other  systems. 

Under  the  head  of  stores  the  only  charges  are  for  oil,  waste,  lights,  and 
a  few  little  things,  as  all  machinery,  plant,  and  wood,  to  replace  or  to 
repair,  together  with  all  tools  and  stores  used  by  the  mechanics,  are  in- 
cluded in  the  wear  and  tear  of  machinery. 

The  cost  of  manning  the  line  is  heavier  than  it  would  otherwise  have 
been,  from  the  necessity  for  having  the  drop  and  the  backshunta  at  D; 
the  number  of  angles  (not  being  stations)  that  need  attention  are  two, 
F  and  G;  the  men  placed  at  these  angles  are  for  the  purpose  of  keeping 
a  look-out  over  tlie  unfenced  lengths  that  pass  through  public  grounds 
and  thoroughfares,  and  for  signalling. 

In  arriving  at  the  coat  per  ton  per  mile,  a  fair  average  daily  quantity 
is  only  taken.  For  instance,  the  speed  at  which  the  train  travels  is 
one  metre  per  second,  landing  180  tuba,  or  90  tons  of  ore  per  hour. 
Limiting  its  working  to  lOj  hours  per  day,  the  quantity  the  chain  would 
deliver  in  that  time  is  945  tons;  but  to  meet  the  losses  from  bud  weather, 
heat,  accidents,  and  feast-days,  750  tuns  per  day,  or  225,000  per  annum, 
is  considered  Eo  be  a  quantity  within  the  practical  capabilities  of  the 
plant  working  under  the  present  established  regulations. 
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COST   OF  WORKING. 
£ 

Value  of  chain    ...    1,250  on  a  life  of  8  years.    Redemption 

„      rails      ...    1,625  „         15      „  „  

,,      machinery  1,650  depreciation,  wear  and  tear 

Repairing  wood- work,  renewing  sleepers,  painting  and  tarring  wood-work 
and  machinery       ...        ...        ...        ...        ...        ...        ..• 


£ 
140-57 

81-99 

115-60 

42-50 


£380-56 

Pence 
per  Ton. 

£380-56  -*•  225-000  tons 

•  •  • 

•  •  • 

...          ... 

•   •    • 

-406 

Cost  of  repairing  and  keeping  up  the  number  of  tubs 

in  good  working 

order 

•  •  • 

•  •  • 

•  ■  • 

. • .          ... 

•  •  • 

'560 

Greasing 

•  •  • 

•  •  • 

•  •  • 

• . .           ... 

•  •  • 

'070 

Stores 

... 

•  •  • 

•  •  • 

•  •  • 

...          ... 

PerDaj. 
B.     d. 

•  •  • 

-060 

d. 

Foreman 

•  •  t 

•  •  • 

1 

@       6     0 

- 

6 

0 

Platelayers     ... 

•  ■  • 

•  •  • 

4 

„       2     4 

- 

9 

4 

Fitter ! 

. .         ... 

•  •  • 

•  •  • 

1 

.,4    0 

« 

4 

0 

Labourers 

•  •  • 

•  •  • 

2 

„       2    4 

« 

4 

8 

— 

—   23    0  -  -368 

Wage. 

Hanffenon. 
■.     d.          ■.     d. 
2      4           13 

Brakesmen.        Tender. 
8.     d.            a.     d. 
3      0             13 

•. 

d. 

A      ... 

2 

— 

•  •  • 

— 

•  •  •             "^^ 

« 

4 

8 

A'     ... 

2 

— 

•  •  • 

— • 

« 

4 

8 

B 

1 

•  •  • 

1 

- 

6 

7 

C       .. 

1 

•  •  • 

1 

— 

IB 

6 

7 

Do     .. 

— 

•  •  • 

— 

- 

1 

3 

D 

2 

•  •  • 

1 

« 

8 

11 

iiiO 

— 

•  •  • 

- 

1 

3 

E      ... 

1 

•  •  • 

— 

— 

« 

8 

7 

F      ... 

— 

•  •  • 

1 

- 

1 

3 

G      ... 

— 

•  •  • 

— 

1 

=- 

1 

3 

H      .. 

1 

•  t  • 

— 

- 

2 

4 

— 

—    42    4  =   -677 

DBOP. 

Top 

2 

1 

•  •  • 

1 

•  •  • 

- 

8 

11 

Bottom 

1        2 

1 

•  •  • 

— 

•  •  •             ^^^ 

B 

5 

11 

Total  cost  per  ton 

«   •    • 

—    14  10  «   -237 

...           ...          ^*3oo 

3288-8 
Then  2-358  -*•  —  1*261  pence  per  ton  per  mile. 
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The  President  said  the  writer  of  the  paper  was  not  present.  It 
contained  a  description  of  the  endless  chain  system  in  Spain  where  the 
system  appeared  to  have  been  carried  out  successfally.  One  could  not  see 
that  there  was  any  great  novelty  in  it;  it  appeared  to  be  the  same 
on  a  larger  scale  as  that  in  operation  in  this  country,  but  it  was  interest- 
ing to  observe  how  the  system  was  carried  out  in  various  districts,  and  more 
especially  how  the  cost  was  affected  by  the  circumstances  of  different 
localities.    He  moved  that  the  discussion  of  the  paper  be  adjourned. 

Mr.  T.  J.  Bewick  seconded  the  motion,  which  was  unanimously 
agreed  to. 


The  following  paper,  by  Mr.  B.  J.  Forrest,  on  "  The  Bilbao  Iron  Ore 
Mining  District,"  was  taken  as  read,  and  will  be  open  for  discussion  after 
the  paper  is  issued  to  the  members :— 


BILBAO   IRON   OPE   WlRTEirT. 


THE  BILBAO   IRON    ORE   DISTRICT. 


Hy  B.  J,    FORREST. 

GEOLOGICAL  AND  GENERAL  DESCRIPTION. 
Thh  centre  or  fucns  of  these  mines  is  situatod  on  the  Cantabrian  or 
north  coaet  of  Spain,  eight  miles  north-west  nf  Bilbao,  and  two  and  a  half 
miles  from  the  village  of  Somorrostro.  Their  geucral  form  is  that  of 
im  ellipse,  two  and  a  half  to  three  mileB  long  by  one  mile  wide,  and  rang- 
ing from  600  to  1,000  feet  nbove  sea-level.  The  genera!  bearing  of  the 
lodefi  is  N.  80°  to  Zi°  W-;  there  are  also  fljers  from  the  main  lodes  to- 
wards Onton  and  Castro  in  a  north-west  direction,  and  to  Alonsotcgiii  and 
Ollargan  in  a  south-east  direction;  Galdames  and  Sopuerla  to  the  west 
may  be  taken  as  separate  deposits.  The  mining  district  (see  Plate  XX.) 
is  divided  into  sii  groups,  viz. : — 

1. — Triano  and  Somorrostro. 

2. — Galdamea. 

8. — Sopuerta  and  Montellano. 

4.— El  Regato. 


6. — Ollargan. 
The  foregoing  groupa  cover  about  16,000  acres  of  land,  and  areestimated 
to  contain  1 60,000,000  tons  of  iron  ore;  but  the  author  is  of  opinion  that 
55,000,000  tons  would  be  a  iiiir  quantity,  after  allowing  for  faults,  losa, 
and  debris. 

The  stratification  generally,  in  the  Triano  district,  coQsists  of  greyish 
blue  limestones,  reposing  on  and  mised  in  some  places  with  micaceous 
rocks  or  greywack^,  and  in  others  with  schistose  grit, 

In  the  valleys  or  erosions  are  found  bluish  marly  limestones  (decom- 
posed in  some  places)  and  calcareous  clays,  and  alluvial  deposits  generally 
in  river  eatuaries.  The  limestone  and  grit  nsnally  form  bed  and  walla 
to  the  ore  and  in  some  caseB  cut  it  out.  (See  Plate  XXI.,  and  Plate  XXII., 
Figs.  5  and  6.) 

The  ores  met  with  in  Triano  Mountain  are  the  following,  viz.:  — 
Vena  and  carapanil:  red  hsematite  (anhydrous  ferric  oxide). 
Rubio:  brown  hteinatite  (hydrated  ferric  oxide). 
Carbonato  de  hierro;  spathic  ore  or  aiderite  (ferrous  carbonate). 
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The  ore  varies  from  100  to  i60  feet  in  thicknesa,  and  in  some  of 
the  best  mines  is  coTered  by  five  or  six  yards  of  limestone. 

In  the  lower  part  of  the  formation  or  deposit  of  vena  and 
campanil,  cavitica  are  found  coated  with  specular  iron  ore  in  crystals 
and  stalactites,  the  lott«r  being  usually  found  in  cavea  which  are  generally 
eroded  or  Bepiirated  by  clay  when  found  in  the  rubio  formations. 

These  ores  are  generally  supposed  to  have  been  deposited  by  hot 
springs  well  charged  with  carbonate  of  iron  which  has  filled  up  all  baains, 
cracks,  or  fiBsures  adjacent  to  them.  Taking  this  hypothesis  to  be 
correct,  the  vena  and  campanil  were  deposited  first  at  a  high  temperatnre, 
and  the  rubio  later  at  a  lower  temperature.  The  mitss  generally  iucreascB 
from  the  sides  to  the  centre. 

Two  large  erosions  axu  seen  in  the  valleys  of  Granada  and  Pacheta, 
but  the  lodes  continue  in  the  same  direction,  forming  on  the  south  end 
the  large  Orconera  and  Matamoros  deposits,  and  on  the  north  end  the 
Las  Carreras  and  San  Lorenzo  lodes. 

The  ores  may  he  classified  as  follows,  viz.  : — 

Vena,  dam  and  dulce. — TJiis  is  the  richest  of  all  the  ores  and 
the  only  kind  worked  by  the  old  miners  for  the  Ciitalan  forges;  but  as  it 
is  Boft  it  crumbtea  up  to  powder  directly,  and  gUtgs  (shoots)  in  wet 
weather. 

Oampanil.— This  is  a  species  of  red  hematite,  and  resemblea  some 
of  the  Asturian  iron  ores  in  textnre,  etc.  Where  the  decomposition  has 
not  been  complete,  it  is  distinguished  by  s  greater  proportion  of  carbonate 
of  iron,  which  gives  it  more  durability. 

The  quality  of  the  ore  is  good,  hut  it  cannot  be  considered  as  man- 
ganiferous.  Sulphur  and  phosphorus  arc  found  in  small  quantities. 
It  is  not  usual  to  calcine  campanil  ores.  The  colour  of  campanil  is 
red,  inclined  to  violet.  It  contains  in  the  dry  state  from  &0  to  60  per 
cent,  of  metallic  iron.  It  is  found  towards  the  centre  of  large  maesea 
and  often  in  contact  with  limestone  and  grit.  It  improves  in  quality 
as  depth  increases.  Bands  of  hiematitc  and  siderite  arc  sometimes 
seen  mixed  together  [  in  the  San  Miguel  and  Bogooa  mines  this  hag 
been  observed  in  the  form  of  broad  bands,  called  by  quai-rymen  pedrisco. 
.As  campanil  is  generally  purer  and  harder  than  the  rest,  it  is  the  most 
esteemed. 

The  specific  gravities  of  these  ores  are  as  follows;  campanil  from  2'6 
to  3,  and  rnbio  from  2-3  to  2'6.  One  cubic  metre  of  campanil  weighs 
nearly  two  tons  (SO  cwt.  per  cubic  yard),  and  one  cubic  nietra  of  rubio 
about  3(5  cwt  ('29  cwt.  per  cubic  yard). 
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Babio  generally  foims  the  upper  portion  of  these  formations,  and  nsoally 
stands  out  in  boulders  and  peaks  (see  Plate  XXIII.),  looking  very  imposing; 
but  it  is  often  full  of  large  cavities  and  caverns,  filled  with  earth  and  clay. 
The  ore  has  generally  a  honeycombed  appearance  and  structure. 

It  requires  much  more  classification  and  cleaning  than  campanil  or 
vena,  on  account  of  impurities  found  mixed  with  it  in  the  form  of 
silicious  earth. 

Carbonato  de  hierro  (spathose  carbonate  of  iron). — ^This  is  found  in 
blocks  and  bands,  and  near  outcrops  and  erosions.  It  merges  into  pedrisco 
and  limestone.  A  very  strong  band  of  this  ore  and  pedrisco  (to  which 
reference  has  already  been  made)  was  driven  through  in  the  San  Miguel 
mine.  A  large  quantity  of  this  ore  is  met  with  in  Concha,  No.  7  mine. 
It  gives  about  43  per  cent,  of  metallic  iron.  No  phosphorus  is  found  in 
siderite  or  spathic  ores.  The  sulphur  and  other  volatile  substances, 
together  with  the  carbonic  acid  and  water,  are  given  off  when  spathic  ores 
are  calcined.  The  Franco-Belga  Company  made  trials  and  intend  to 
calcine  this  ore. 


LIST 


NAMK. 


Begofia 
Cesir  .. 
Ser 


Catalina 


Orconera    

Nicanora    

Olvido    

Indiana  

Esperanza 

San  Antonio  ... 
San  Ignacio  ... 

Crifltina 

San  Benito 

San  Martin    ... 

Barga 

Buena  Ventnra 
San  Severino... 
Buena  Estrella 

Altura 

Concha  

Confianza  


OP    SOME    OP    THE 
C. — Campanil.        V. 

CLASS  or  ORK. 

C. 

C.  and  V. 

C.  and    v.,  (nearly 

worked  out). 
C.  and  v.,  (partly 

worked). 
V.  and  R 
C.  and  V. 
C.  and  V. 
C.  and  V. 
C.  and  V. 
C.  and  V. 
C.  and  V. 
V.  and  C. 
V.  and  C. 
V.  and  C. 
V. 
V. 

V.  and  C. 
V.  and  C. 
V.  and  C. 
R.  and  V. 
R.,  v.,  and  C. 


MOST    IMPORTANT   MINES. 
— Vena.        R. — Rubio. 

KAMK.  CLASS  Or  ORX. 

Lorenza V.,  R.,  and  C. 

Petronila    V .  and  R. 

Diana C.   and  Y.,  (nearlj 

worked  out). 

Despreciado  ...  V.  and  C. 

Perseguida V.  and  C. 

Justa V. 

Marquesa   Y.  and  C. 

Paciiica V.  and   R.,  (nearlj 

worked  out). 

Rubia R 

Socorro  V.  and  C,  (nearly 

worked  out). 

Sol V. 

Vigilante   V. 

Trinidad ?...  V.  and  R. 

San  Permin   ...  Y.  and  R. 

Aurora    V.  and  C. 

Alondiga    Y.,  C,  and  R. 

San  Jos^ Y.  and  R. 

Eldna R.  and  V. 

Adela R.  and  V. 

Julia  R.  and  Y. 
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The  most,  important  mincrul  zones  in  Triitno  Mountain  arc  the  fol- 
lowing : — 

1. — ^Triano  miuea  proper,  taking  a  radius  of  600    metres  from 

the  south  west  comer  of  Cesar  mine. 
2. — ^The  Orconera  and  Mataraoros  distriet. 
8. — ^The  Concha  aiid  Cadegal  district, 
■i. — A  rectangle  from  Catalina  mine  to  the  Lorenzo  and  Isabela 

mines,  Las  Can'eras  district. 
5, — The  aothor  is  of  opinion  that  a  fair  qnantity  of  rich  canipanil 

exists  under  tiic  limestone  in  the  Elvira  and  adjacent  mines 

(Galdames  r.mge),  and  would  bo  worth  investigation. 
6. — El  Regato  district. 
7. — MonteUaoo  and  Sopnerta. 

SYSTEMS   AND    COST    OP    QUARRYING. 

The  mines  are  invariably  worked  open-cast  or  in  quarries,  The  plan 
of  working  in  the  best  appointed  mines  is  to  remove  a  zone  of  diibris  and 
then  one  of  ore ;  but  this  plan  is  not  generally  adopted,  as  in  most  cases 
each  mine  has  a  different  owner,  an  imaginary  line  between  two 
boundary  stones  being  the  only  boundary  between  them.  Quarries 
become  choked  up  by  their  own  debris  (sec  Plate  XXI.},  with  the 
exception  of  those  mines  that  have  a  deep  valley  or  sufBeiont  apace  to  tip 
their  refuse;  when  the  latter  is  not  the  case  the  working  becomes  very 
ccetly,  and  mine-owners  are  always  at  law  with  each  other. 

8ome  of  the  larger  quarries  are  worked  in  two  or  three  lifts  of  from 
twelve  to  fourteen  yards  high.  The  base  of  ore  is  attacked  by  driving  a 
tunnel  or  gallery  nndemeath  the  floor  of  the  mine,  and  wagons  can  thus 
be  loaded  direct  from  the  faces.  A  good  example  of  this  ^etem  can  be 
seen  in  the  Cesdr  mine. 

Large  blasts  are  not  common,  although  occasionally  large  shots  are 
fired.  The  vena  has  been  worked  for  many  years  by  tortnons  galleriea, 
and  in  a  few  places  by  winze  holes  and  old-fashioned  jack-rolls.  The 
Tena  {or  vein,  as  its  name  indicates)  was  got  by  short  miners'  picks. 
It  was  then  put  in  baskets  or  panniers  and  carried  out  by  boys  or 
donkeys.  Some  of  these  galleries  run  for  a  great  distance  underground 
without  any  regard  to  ventilation.  The  ore  was  commonly  treated  in 
forges  worked  by  water-wheels  or  turbines.  The  campanil  and  rubio  are 
harder  than  vena,  and  will  stand  transport  or  manipulation  better, 
Rubio  is  harder  than  campanil,  but  requires  more  cleaning  and  classify- 
ing to  get  rid  of  the  impurities  (silicioua  earths)  misedwith  it. 


S18 


BILBAO   IRON   ORE   DISTEICT. 


The  work  is  geuenilly  let  to  sraall  contractors  (who  are  not  a  very  in- 
telligent class  of  men  as  a  rule);  thej  iind  intxtar,  potrder,  Tase,  and 
tools,  the  company  or  mine-owner  eapplying  plant,  wiigona,  etc. 

The  Biscayan  qiiarrymau  compares  favourably  with  the  general  rua 
of  this  class  of  men  in  .Spain,  being;  strong  ajid  active,  and  eicels  in 
the  use  of  the  jumper;  but  his  notions  aa  to  the  placing  of  the  shot-holes 
are  vague,  and  scorching  is  a  common  ocirurrence. 

The  tools  generally  ueed  are  the  jumper  or  lai^e  drill,  also  crowbars 
for  disengaging  rock  blown  down ;  but  preferably  they  use  the  jumper  for 
all  purposes.  A  good  qnarryman  will  drill  about  one  foot  in  twenty 
minutes  (including  stemming  and  drying)  in  campanil,  and  three- 
quarters  of  a  foot  in  mbio  or  limestone  in  the  same  time.  The  best 
clasB  of  ore-breaker  is  a  narrow-headed,  wedge-shaped  steel 
hammer,  very  useful  in  the  hands  of  a  skilled  laboui-er. 
The  drills,  or  jumpers,  weigh  on  an  average  25  to  30  lbs., 
and  some  of  the  larger  ones,  requiring  sis  or  eight  men  to 
handle,  weigh  from  150  to  300  lbs.  each,  and  are  nearly  30 
feet  long.  The  crowbars  weigh  about  50  Iba.  each.  Multiple  wedges  are 
used  in  some  quarries,  and  for  other  classes  of  labour,  rakea,  hooa,  and 
baskets  are  used.  A  good  quarryman  can  get  about  five  tons  of  ore 
per  day  of  teu  hours  in  a  welI-appoiut«d  quarry. 

The  average  rate  of  wages  paid  are  : — 


DtHlen 

,.    f  rom  2e.  6d.  to  35.  Od.  per  d»y. 

Leader. 

...         .,    2..  Od.  to  2..  6d.        ., 

„    1..  6d.  to  2«.  Od. 

Women  and  ludi 

„    la.  Od,  to  1b.  6d. 

The  hours  of  work  are  usually  from  sunrise  to  sunset,  with  half  an  hour 
for  breakfast,  two  hours  for  dinner  in  summer  and  one  in  winter,  and  a 
quarter  to  halt  an  hour  for  afternoon  snap  in  snmmer.  Drillera  are 
sometimes  paid  at  so  much  per  foot  drilled  (from  Id.  to  3d.  per  foot),  and 
loaders,  when  working  long  hooi-s  or  in  relief  gangs,  at  so  much  per  honr. 

Compressed  air  or  hydraulic  machine-drills  or  cutters  are  unknown, 
but  cotdd  be  used  to  adrantage  in  driving  tunnels  or  galleries  or  straight 
work.  Novelties  of  this  description  are  looked  upon  with  jealousy  and 
disfavour  by  the  quarry  men  and  miners. 

The  explosives  geuei-ally  used  are  powder  and  dynamite,  the  latter 
well  mixed  with  the  former.  Dynamite  is  generally  used  in  mbio 
mines  to  enlarge  the  base  of  shot-holes  lor  filling  with  powder.  The 
usaul  plan  is  : — Altiir  a  hole  is  drilled,  a  small  cartridge  of  dynamite  is 
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inserted  and  fired  ;  this  forms  a  cavity  or  pocket  in  the  bottom  of  the 
shot-hole,  and  also  cleans  it  out  ready  for  charging  with  powder. 
Dynamite  is  also  conunonly  used  to  break  loose  rock.  A  hole  a  few 
inches  deep  is  drilled  on  the  top-side  of  the  rock,  and  a  cartridge  is 
inserted  and  fired.  It  requires  about  one  pound  and  a  half  of  powder  to 
displace  one  ton  of  ore. 

The  prices  of  explosives  vary,  but  are  : — 

Dynamite about  £2  IDs.  Od.  per  c&se  of  25  kilogs.  (55  poands). 

Powder      „     8^  reals  per  kilog.  (4d.  per  pound). 

Fuse  „     20  reals  per  roU.   (48.  2d.) 

Capsules     „      16  reals  per  100.  (3 id.) 

Compressed  powder         „      7J  reals  per  kilog.  (8ld.  per  pound.) 

The  average  cost  of  getting,  etc.,  varies  from  Is.  to  2s.  5d.  per  ton : 
the  last  figure  being  sometimes  reached  in  rubio  mines.  The  first-named 
figure  would  apply  to  campanil  mines,  and  might  be  divided  as  follows, 
viz.: — 

Labour,  about 7|d.  per  ton. 

Powder,  fuse,  tools,  and  plant  ...   4^        „ 

xocai         ...        ...        ...      xs.        „ 

The'  contractors'  profit  ranges  from  10  to  20  per  cent.,  and  he 
generally  makes  something  extra  out  of  the  men  he  employs  by  their 
keep.    This  has  its  good  and  bad  effects  in  controlling  the  men. 

The  workman's  cottage  system  is  not  in  vogue  here. 

Large  gangs  of  men  are  employed  by  some  of  the  most  important 
companies  in  loading  trains.  This  is  commonly  done  by  baskets,  but  in 
some  cases  it  is  loaded  direct.  The  author  is  of  opinion  that  some 
thousands  of  foot-tons  of  power  are  lost  weekly  by  allowing  all  the  larger 
streams  of  water  to  run  to  waste,  as  there  is  a  great  head  of  water  in 
many  instances,  and  hydraulic  machinery  and  accumulators  might  be 
profitably  employed  for  many  purposes. 

TRANSPORT  AND  HAULAGE  OP  ORE. 

There  are  various  systems  in  vogue,  viz.: — 
Mules  and  donkeys  with  panniers. 
Bullock  carts. 
Wire  tramways  (aerial). 
Inclined  planes. 
Endless  chain. 
Endless  rope. 
And  in  some  cases  for  a  short  distance,  shoots. 


iiii.nAO  raojf  ohe 


The  mule  and  doakey  Hyatem  pays  best  in  poor  and  awkwardly- 
aitnated  quarriea.     The  ore  is  eairied  in  panniers  holding  about  one  cwt. 


CAIITING. 

A  lai^e  number  of  men  are  employed  in  this  work.  The  eystem 
has  ita  advantages  and  disadvantages,  according  to  the  situation  of  the 
mine  or  quarry  and  ita  approaches.  The  plan  is  to  yoke  two  powerful 
bullocks  to  a  cart  8  feet  long,  3j  feet  wide,  1  foot  deep,  and  carrying 
from  one-and-a-half  to  two  tons  of  ore.  The  wheels  are  about  3  feet 
6  inches  diameter,  and  the  tyres  3  inches  broad,  whicli  cut  up  the  roads 
fearfully  in  wet  wcatlier.  The  asles  are  sometimes  made  of  wood 
about  9  inches  diameter.  Up  to  within  n  few  months  an  average 
of  nearly  2,800  tons  of  ore  has  been  tipped  by  carts  alone  into  the 
Deputation  Company's  depiisits  at  Ortuetla,  The  rates  charged  give  aa 
average  of  about  four  reals  per  ton  per  kilometre  (1b,  id.  per  ton,  per 
mile).  This  is  a  favourite  method  of  transport  with  mine-owners  who 
do  not  care  to  lay  out  much  capital  on  other  systems  of  haulage. 


WIKE  TRAMWAYS  (AEKIAL). 

There  are  two  systems  in  yogne,  viz.,  Hodgson's  and  Bleichart'a 
(Leipsic).  The  first-named  and  most  generally  used  consists  of  an  end- 
less wire  rope,  carried  over  Email  pulleys  secured  to  trestles  and  round 
large  terminal  pulleys  from  and  through  which  movement  is  impirted  to 
the  rope,  upon  which  ia  suspended  by  a  hanger  and  boi-hcad,  a  bucket 
holding  about  two  and  a  half  cwt.  of  ore.     (See  Plate  XXIV.) 

The  Bleichart  system  consists  of  two  endless  ropes  carried  over 
trestles,  similar  to  Hodgson's,  but  with  the  following  differences,  viz.: — 
The  upper  rope  is  fixed,  and  is  practically  a  rail  for  box-heads  to  ran 
upon.  The  lower  rope  is  much  thinner  and  acts  as  a  traction  ropej  by 
means  of  patent  clips  the  bucket- hangers  are  made  fast  to  the  latter, 
which  impart  the  movement  to  the  buckets  carrying  about  three  cwt.  of 
ore.    (See  Plate  XXV.) 

Hodgson's  system  ia  more  generally  adopted  for  moderately  enay 
gradients,  and  where  first  costs  must  be  light.  The  gradient  in  this 
system  must  not  be  more  than  1  in  4,  or  the  box-heads  will  slip  in  wet 
weather. 
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Bleichart's  BjBtem  is  preferable  for  Bteep  pTntiiente,  as  the  clip  preventB 
the  box-lieada  slipping,  so  that  it  could  be  miide  Belf-actiiiK.  There  are 
about  twenty  miica  of  HodgBon'e  sjetem  working,  and  about  two  miles 
of  Bleichart's.  The  cost  of  transport  would  be  about  5d.  and  Cd.  per 
ton  per  kilometre  (8d.  and  lOd.  per  ton  per  mile),  respectively  on  a 
fair  average  gradient.  The  wear  and  tear  is  extraj  and  varies  considerably 
on  different  tramways  and  between  the  two  syBtema.  The  wear  and  tear 
of  the  rail-rope  in  Bleichart's  system  is  heavy.  The  motor  in  Bleichart's 
tramways  in  one  case,  is  gravity;  in  another  of  Hodgson's  a  portable 
engine  of  25  horse-power.  Both  are  governed  by  powerful  brakes.  The 
life  of  the  wire  ropes  varies  greatly  according  to  contour  of  line  and  manu- 
facture, and  ranges  from  100,000  to  200,(i00  tons  carried,  and  in  some 
cases  to  duuble  this  quantity.  The  average  number  of  days  worked  per 
anuum  is  2SCi. 

An  approximate  cost  of  the  erection  of  each  sj-stem  would  be  as 
follows,  viz.: — Hodgson's,  for  smgle  and  double  lines,  from  £1,200  to 
£2,500  per  kilometre  (£2,000  to  £4,000  per  milej,  according  to  contonr 
of  ground.  Bleichart's,  single  line,  from  JE2,000  to  £4,000  per  kilometre 
(£3,200  to  £(1,400  per  mile). 

The  ropes  are  steel  wire,  with  seven  wires  per  strand,  and  six  strands 
in  each  rope,  with  cores  of  tarred  hemp.  Trestles  from  3  to  170  feet 
high.  The  span  between  trestles  varies  from  10  to  120  yards,  the 
average  being  about  40  yards. 

The  systemfl  may  be  thus  compared  : — 

Hodgson's  ; — 1. — Cheaper  erection. 

2. — Less  wear  and  tear  of  ropes. 

3. — More  than  one  line  can  be  fised  on  each  trestle. 

4. — Gradients  must  not  exceed  1  in  4. 


Bleichart's: — 1. — More  costly  erection. 

2. — Heavy  wear  and  tear  of  ropes. 
8. — Only  one  line  can  be  fixed  per  trestle. 
4. — Works  well  at  any  gradient,  and  self-acting 
when  exceeding  1  in  4. 
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■  Bdl  rops  rU  iDobM,  aod  IneHen  lope  -788  Incbu  dliuwit«r,       A  ml  =  SI  feiiH. 
INCLINED  PLANES. 

There  are  eight  inclined  planes  workiag,  and  an  engine  plane  on  to 
the  Bilbao  Iron  Ore  Company's  Railway  at  Paeheta, 

Orconera  Incline. — The  moat  important  is  the  Orconera  Iron  Ore 
Company's  incline  to  their  Orconera  and  Matamoros  mines.  It  is  1,199 
yards  long;  average  gradient  aliont  17  per  cent.)  two  roada,  3  feet  8|  inches 
gauge;  rails  56  Iba.  per  yard;  overhead  dmma,  15  feet  diameter;  load, 
B  wagons  of  34  tons  in  all.  An  ingenious  contrivance  is  to  be  seen  at 
the  top  of  the  incline  in  a  disengaging  ami,  acting  on  a  lever  placed  in 
front  of  the  wagons;  this  disengages  the  rope-shackle  and  allows  the  train 
to  run  away  into  the  mines. 

The  discharging  arrangements  at  the  bottom  of  the  incline  are  well 
planned,  gravity  doing  nearly  all  the  work.  The  fdll  and  empty  trains  mn 
to  and  from  their  appointed  places  alone.     The  discharging  from  incline 
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wagons  into  main  line  wagons  is  done  by  counter-balanced  tipping 
cradles,  controlled  by  foot-brakes.  About  1,500  tons  are  transported  over 
this  incline  daily  (10  hooi-s).  There  are  two  or  three  cur\'oa  of  from 
600  to  1,600  feet  radius,  round  wliich  the  rope  ie  conducted  by  side  roller 
pulleys.  Further  data  referring  to  thia  and  other  inclines  will  be  found 
in  the  summarised  statement  given  on  page  225. 

The  Concha  or  Franco-Belga  Comjiany's  Incline. — The  main  incline 
is  509  yards  long;  double  roads,  3  feet  3|  inches  gauge;  overhead  coned 
dnims,  Ifi  feet  diameter;  total  fall  18+  yards  or  about  31  per  cent.;  gteel 
rails,  48  lbs.  per  yard,  carrying  abont  8i)n  tons  daily,  A  large  fonr-bladed 
fan  brake  is  connected  to  the  drum  shaft  by  spur  wheel  and  pinion,  whicli 
arrangement  cousiderably  reduces  the  momentum  of  the  load,  and  can  be 
graduated  by  lengthening  or  shortening  the  saile;  the  total  width  of  the 
sails  is  G  feet,  and  diameter  over  the  arms  IG  feet.  This  incline  is  con- 
nected by  two  lines  with  an  upper  incline  207  yards  long;  gradient, 
1  in  2  nearly,  and  will  curry  20o  to  25(»  tons  daily.  This  was  formerly 
worked  with  one  of  Fowler's  clip-pulleys,  which  was  found  to  be  unsuit- 
able for  the  claps  of  rope  used  and  work  to  be  done. 

Juaia  Incltm. — Tliis  is  adjacent  to  San  Fermiii  Incline,  and  connected 
with  &  deposit  at  6'5  miles  on  the  Gaidaraes  Railway.  It  is  253 
yards  long;  double  roads,  2  feet  7j  inches  gauge;  rails,  30  lbs.  per  yard. 
The  rope  runs  through  two  pulleys  3'8  feet  diameter,  but  in  this  case  the 
roads  do  not  run  underneath  the  machinery.  The  wagons  carry  about 
i  tons  each,  and  are  strongly  made.  The  rope  ia  1 J  inches  diameter;  the 
last  one  taken  off  carried  about  200,liOO  tons.  Carrying  capabihties  of 
incline,  300  tons  daily. 

The  San  Fennin  Incline  from  Trinidad  mine  to  6'5  miles  on 
the  Galdames  Railway  is  a  well  laid  down  incline,  but  very  steep, 
being  nearly  1  in  1;  double  roads,  4  feet  3^  inches  gauge;  rails,  5S]bs. 
per  yard,  laid  on  longitudinal  balks  about  1  foot  wide  and  6  inches 
thick,  kept  in  place  by  diagonal  braces  and  tie  rods,  thus  ^^ 


and  through  the  joints  of  the  longitudinals,  and  then  let  into  steps  cut  ii 
rock  or  set  in  concrete.  The  railway  trucks  are  run  on  to  a  triuogular 
shaped  carriage,  thus; — 


^  1 

i^ 

^ 
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= 
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The  rails  have  joints  2  feet  from  either  end;  a  ratchet  in  the  form  of 
a  sector  is  riveted  to  the  bottom  of  the  rail;  when  the  end  is  raised,  a 
small  weighted  cat«h  keeps  it  in  its  place,  and  the  wagon  is  prevented 
Irom  running  off  the  carriage.  This  incline  is  capable  of  carrying  1,000 
tons  per  day. 

Rubia  Eji^iie  Plan^. — This  is  situate  on  the  Galdames  Railway, 
and  is  180  yards  long  with  double  roads.  Inclination,  1  in  2^,  nearly; 
diameter  of  rope,  1  inch;  tons  carried  daily,  from  200  to  250;  gauge 
about  1  foot  6  inches;  mils  about  18  lbs.  per  yard;  load,  one  or  two 
small  side-tip  wagooa,  oirr}-ing  about  1^  tona;  these  are  dniwn  up  by 
one  of  Stevens's  double-cylinder  winding  engines;  the  tubs  pass  under  the 
engine  and  on  to  the  deposit. 

La  Salve  Incline. — This  incline  is  worked  in  conjunction  with 
the  Aionsos  narrow  gauge  railway.  It  conaists  of  two  roads,  4*92 
feet  gauge;  mils,  35  lbs.  per  jurd;  flat  rope,  S  x  '47  inches,  with 
120  wires.  The  load  consista  of  two  large  trap-door  hoppers,  which 
lire  filled  by  branch-line  wogona  at  top,  and  are  discharged  through  a 
shoot  into  small  tip-wagona  at  the  foot  of  the  incline.  Loaxl,  5  tons; 
diameter  of  overhead  drum,  G  feet  3  inches;  the  brake-straps  act  on  a 
projecting  collar  on  the  drum  which  is  II  feet  G  inches  diameter.  The 
faces  of  the  brake-atraps  are  kept  moist  by  a  spray  of  water  forced  from 
a  ram,  worked  by  an  eccentric  from  the  druro-ahafl.  This  aUo  assists 
the  brake  and  forces  water  into  an  adjacent  tank.  Carrying  capabilities, 
5oO  toDB  daily.  In  continuation  of  this  is  a  small  incline  worked  by 
a  differential  or  compensating  drum,  which  serves  full  and  empty  roads 
to  and  from  the  deposit,  one  of  which  is  longer  than  the  other  and  at  a 
different  gradient,  thus: — 


DEPOSIT  - 


I 


Julia  and  Aiiela  Iiulimd  Plane. — This  plane  works  in  conjunction 
with  a  wire  ti'araway  from  Jnlia  and  Adela  mines,  and  terminates  in 
the  Ortuella  Station  of  the  Deputation  Railway  Company,  Length, 
436  yards ;  two  roads,  gauge  2  feet  8  inches,  Belgian-made  wire  rope, 
1'57  inches  thick  (too  thick  and  heavy  for  the  work).  The  arrange- 
ment of  machinery  is  taken  from  the  Bodovalle  Incline.    This  inclme  ii 
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defective  in  not  having  a  greater  distance  from  brow-top  to  pulleys,  thus 
limiting  the  number  of  wagons  per  train.  Diameter  of  polleyB,  9-8i  feet; 
gradient  of  incline  to  deposits,  1  in  4j, 

Bodovalle  Inclined  Plane, — Thia  incline  is  situiite  between  the  San 
Mi<;ucl  and  Begona  mines  and  the  BodoTalle  Station  on  the  Galdames 
Railway.  It  belonged  formerly  t«  the  Bilbao  Iron  Ore  Company,  for 
whom  the  author  got  up  plans  arranged  ao  that  the  wagons  ran  over  the 
top  of  the  pulleys  and  not  under  tliem.  Diameter  of  pulleys,  6  feet 
3  inches;  gauge  of  roads,  2  feet  8  inches;  rope,  1  inch  diameter; 
gradient,  1  in  5^. 
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ENDLESS    CHAIN. 

Thia  system  ia  being  worked  by  the  Franco-Belga  Company  in  their 
Concha  mines  with  good  results.  It  estends  from  the  top  of  the  upper 
incline  to  the  San  Martui  mine,  and  the  general  arrangements  are  similar 
to  those  commonly  seen  in  or  about  English  collieries  and  iron  mines, 
viz.,  an  endloaa  chain  hanging  over  the  top  of  the  wagons  and  driven  by 
a  small  portable  engine  geared  at  about  3  to  1.  The  links  of  the  chain 
are  caught  by  a  fork  made  fast  to  the  wagon  frame.  Double  roads; 
gauge,  2  feet  8  inches ;  gradients  and  curves,  easy ;  speed,  about  two 
miles  per  hour;  carrying  capabilities,  about  500  tons  daily.  Estimated 
cost  per  ton  per  mile,  4d. 

ENDLESS    ROPE. 

This  system  of  haulage  is  being  worked  by  Messrs.  Elorduy  and  Co. 
from  their  Casualidad  mine  to  the  G-6  mile  Gaidames  Railway.  Distance 
abont  2,616  yards.    It  consiHts  of  a  single  road  with  shunts  or  pass-byes; 


ass 
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motive  power,  a  Bmall  portable  engine ;  rope,  5  inch  diameter.  The  teo- 
aion  of  the  rope  ia  regulated  bj  a  balance  carriage  and  cotinter-balanoe 
weights.  Average  gradients,  1  in  8.  Carrying  power,  400  tons  dailj. 
The  anthor  is  of  opioion  thnt  this  sjatem  would  give  better  resnlts  if 
there  were  a  double  road  and  the  wagons  being  made  to  clip  on  at  regular 
intervals,  and  not  in  single  loaded  and  empty  trains,  which  causes  irreg- 
ular BtratnB  on  the  rope  and  driving  terminus.  The  endless  rope  or 
chain  systems  might  have  been  profitably  worked  in  many  instances  in 
the  Triano  mines, 

EAILWAYS. 

Ferro  Carril  de  la  Dtpvtacion  or  Ike  Depiilalitni  RaUway  is  a  Spanish 
entci-prise  and  a  very  profitable  undertaking,  having  paid  as  moch  as 
GO  per  cent,  in  dividends.  It  was  opened  in  185fl,  and  is  a  single  lino 
between  El  Desierto  and  Ortuellaj  4'8i  miles  to  the  beginning  of  the 
deposits,  and  5,22  miles  long,  Including  deposits;  gauge,  bb\  inches; 
maximum  gradient,  1  in  60;  average,  1  in  100.  Curves  not  less  than  163 
yards  radius.  No  heavy  work.  One  iron-girder  bridge  over  the  river 
Galindo,  and  three  small  stone  bridges.  The  total  rise  from  end  to  end 
of  the  railway  equals  61  yards. 

This  company  possess  11  locomotives,  and  nearly  400  seven-ton  end- 
tip  wagons  (Ashbury  Company's).  They  have  been  carrying  about  3,000 
tons  daily,  but  have  carried  double  when  pressed.  Thoy  employ  abont 
800  men  in  loading  gang.  Rate  chat^d,  about  20  pence  per  ton  f.o.b.' 
Ortnella  to  El  Desierto ;  this  includes  loading,  transport,  and  discharging 
into  vessel's  hold.  The  present  deposits  at  Ortuella  arc  capable  of  holding 
about  500,000  tons  of  ore.  This  company  have  three  low-loading  tips  and 
two  high  or  new  tips  working  IGJ  feet  above  high-water  mark,  and  have 
contracted  for  the  erection  of  two  more  tips  and  two  basins  for  loading 
coke  and  pig  iron,  also  about  l(iO,000  cubic  metres  of  embankment  in 
conjunction  with  these  tips,  their  object  being  to  load  10,000  tons  of  ore 
daily.  Nearly  1 J  million  tons  were  sliippedin  1881  and  1883  (11  months.) 

AjiproximaM!  cost  of  railway,  etc. : — 

Ituilwajr  workaliuiB,  lixfd  iiuitoruilB,  ijluut,  hbIIb,  luid  depoaite        ...        130,001) 

Loading  stages  and  drops ...  8,000 

KoUiag  stock  and  locomotives    ..         65,000 


r  tips,   bonins,   cmbuukmeut,  a 
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1^.  per  ton  is  paid  bj  this  compiiny  to  the  Marquis  of  Mudcla  for 
right  of  passage  to  ths  new  tips. 

Ferro  Carril  de  Galdames  d  Seatao  (Bilbao  Iron  Ore  Company,  Limiled). 
— Thia  line  was  opened  in  187fi,  and  ia  a  donbte  lino  of  about  i  feet 
gauge.  Total  length,  14  miles,  including  deposits;  up  road,  iron 
rails  5G  lbs.  per  yard  j  down  road,  Btcef  rails  56  Iba.  per  yard ;  gradients 
vary  from  1  in  i5  to  1  in  100,  The  railway  commences  with  a  tunnel 
680  yards  long.  There  are  four  miles  of  heavy  gradients,  and  for  a  largo 
portion  of  the  way  there  are  some  heavy  cnttinga,  embankments,  and  sharp 
curves  (87  yards  radius);  also  three  tunnels  ISi,  200,  and  121  yards 
Jong  respectively,  a  large  bridge  at  Galindo,  three  viaducts  80,  53,  and 
40  feet  high,  and  several  culverts  and  drains ;  the  last  9  miles  of  the 
railway  are  nearly  level.  Thia  company  transported  about  650,000  tons 
last  year. 

As  the  dip  outcrop  of  ore  or  base  of  Triano  mine  is  visible  in  Catalina 
mine  (south-west  side),  in  Bodovalle  station,  this  railway  ia  favourably 
situated  for  attacking  the  focus  of  this  and  adjacent  minea.  The  above- 
mentioned  outcrop  is  about  11  yards  above  the  level  of  the  rails  in  the  station. 
This  company  arc  erecting  a  new  tip  to  improve  their  loading  arrange- 
mento.  They  possess  seven  large  and  four  amall  locomotives,  the  former 
with  four-wheeled  bogiea  to  guide  them  when  running  round  sharp  curves, 
which  act  very  well ;  the  rolling  atock  consists  of  50G  six-ton  bottom- 
door  opening  wagona,  two  tanks,  and  several  ballast  wagons.  The  total 
rise  of  the  lino  is  144  yarda.  This  ia  about  half-way  between  Seatiio  and 
Galdames  stations.  The  approximate  cost  of  railway  stations,  branch 
lines,  piers,  work-shopa,  plant,  materiala,  rolling  stock,  locomotives,  and 
Bundriea,  is  about  £700,000. 

El  Regato  Railway  (Liuliana  ilitwiy  Comjiatuj,  Limikd). — This 
railway  ia  standing  at  present,  and  extends  from  Lachana  to  El  Regato; 
single  line  with  sidinga  at  interralsj  gauge,  3  feet  4|  inchea;  total  length 
6-3  miles;  of  this,  about  half  has  been  laid.  Average  gradient,  1  in 
55.  At  the  terminus  of  the  railway  there  is  an  incline  980  yards 
long,  inclination  1  in  3'3.  Rolling  stock,  200  six-ton  end-tip  wagons, 
and  two  locomotives.  Mines  nnjuu^  opening  out.  Total  cost  of  railway 
constructed,  etc.,  £CO,000. 

2'he  Oramera  Railway  {Orconera  Iron  Ore  Company,  Limited). — In- 
ftugurated  1877,  from  Luchana  to  Gallarta.  Double  line,  total  length  7J 
miles;  gauge,  3  feet  4jf  inches;  total  rise,  218  yards;  avtrage  gradient, 
1  in  44.     This  company  possess  ten  large  locomotives  and  four  small 


228 


nn.BAO    lEOS   ORE   DISTRICT, 


ones ;  the  rolling  stock  conBiatB  of  418  Beven-ton  bottom-door  opening 
wagons,  82  4j-ton  inclined  plane  wagons,  and  22  ballast  wagons.  Tha 
company  have  carried  6,000  tons  per  day  when  pressed.  Over  l.OOdOOO 
tons  were  loaded  by  the  company  in  1883,  and  they  possess  the  best 
loading  arrangements  in  Biltmo  river,  as  steamers  can  be  loaded  at  any 
Btate  of  the  tide  by  means  of  admimbly  arranged  telescopic  tmnks  or 
hopper-drops,  which  can  be  lowered  or  raised  as  required  to  suit  steameiB. 
The  company  also  possess  a  Tery  fine  inclined  plane  from  their  Orconera 
mines  to  whieh  reference  has  already  been  made.  The  mines  leased 
cover  an  area  of  nearly  600  acres.  In  their  Cesar  and  Matamoros  mines 
may  bo  seen  very  good  methods  of  quarrying,  viz.,  by  driving  a  tonnel 
under  the  centre  of  the  floor  of  ihe  mine,  and  loading  direct  from  the  faces 
through  spouts  into  railway  wagons. 

The  total  cost  of  construction  of  the  railway,  inclined  plane,  tips,  quay 
walls,  mine  plant,  shops,  rolling  stock,  etc,,  was  about  £450,000. 

The  Concha  Railway  (^Franfo-Belga  Company). — Opened  1880.  Single 
line;  steelrails,  401bB.  peryard;  runs  nearly  parallel  to  the  Deputation  Rail- 
way, but  10^  feet  lower.  It  is  a  model  of  a  cheap  and  well-constructed 
line,  and  capable  of  carrying  a  very  large  quantity  of  ore  if  reqnired.  Ite 
length  is  a  little  over  4^  miles  from  Luchana  to  the  deposits  (Bio  Granada 
station);  gauge,  3  feet  4|  inches;  difference  of  level  at  ends,  about  90  feet; 
easy  gradients.  Average  quantity  of  ore  carried  daily,  800  to  1,U00  tona. 
The  company  poasces  four  locomotives  and  about  120  6-ton  wagons, 
opening  at  the  bottom;  also  two  loading  stages  and  several  inclines,  and  an 
endless  chain  system  of  haulage  (already  referred  to).  150,000  tona  of 
ore  were  loaded  between  1882  and  1863  (one  year). 


I 


Apprnitmate  cost  of  railway,  loudB,  plant,  otc.,  aboat 
SLooU,  picra,  aod  qu&j  wuUs      


La  Salve,  or  Alonsoa  Branch  Railway. — Opened  1881,  Single  line; 
narrow  gango,  2  feet  G  inches ;  length,  1'86  miles,  from  top  of 
Ortnella  inclined  plane  to  Esperanza  and  San  Severiuo  mines ;  gradients, 
1  in  50  and  1  in  60  ;  steel  rails,  32  lbs.  per  yard ;  rolling  stock,  60  to 
70  three-ton  wagons,  opening  at  the  side;  and  three  small  Belgian  loco- 
motives. Carrying  capabilities,  1,000  to  1,200  tons  per  day;  average 
carried,  600  tons  daily.    Total  cost,  £16,000. 
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Dktails. 


Total  length  of  line,  in  miles 

Gauge  of  line  in  feet 

Number  of  roads 

Minimum  radius  of  curves,  in  yards 

Maximum  gradient ... 

Class  of  rails  

Weight  in  lbs.,  per  yard 
Number  of  locomotives 
Number  of  wagons  in  tons.. 
Capacity  of  wagons 
Average  speed  of  trains 
Number  of  wagons  per  train 
Number  of  trains  per  day 

Tons  loaded  daily,  average 

System  of  discharging  wagons 

Difference  of  level  between  extreme) 
ends  of  railway,  in  feet  ...         j 

Heijfht  of  tips  above  sea  level,  in  ) 
leet  ...         ...         ...  I 


Namb  or  Railway. 


Trianoor 
Deputation 

5-22 

1 

163 

If  % 

Iron 

54 

11 

400 

7 


Qaldunes. 

ElR4fgato. 

Oroonera. 

140 

•6'3 

75 

40 

3-41 

34f 

2 

2&  1 

2 

87 

120 

109 

2-22% 

1-80% 

2-50% 

Iron  ft  steel 

Steel 

Steel 

56 

35 

45 

11 

2 

14 

506 

200 

522 

6 

6 

7 

Oonoha. 


From  8  to  14  miles  per  hour. 


20  to  30 


30 


25 


25 


4-5 
3-4f 

1 
131 

U% 

Steel 

40 

4 

120 

6 

25 


Vary  from  10  to  20  per  day. 


2,500 
to  3,000 

End  tip 

183 

20  and 
36 


2,000 

Bottom 

432  and 
858 

82 


Standing!  ^2,000 


End 
272 

32 


Bottom 
656 

28 


800 
to  1,000 

Bottom 

89 

88 


*  Half  only  flniahed. 

From  the  foregoing  data  it  will  be  seen  that  the  modes  or  systems  of 
transport  and  working  of  mines  in  Triano  Mountain  are  extensive  and 
varied.  Upwards  of  3,500,000  tons  of  iron  ore  are  shipped  or  loaded 
into  steamers  annually  at  a  cost  of  about  6s.  per  ton  f  .o.b.  The  capital 
invested,  exclusive  of  plant  in  quarries,  may  be  roughly  calculated  as 
follows,  viz.: — 

Value  of  raUways,  etc. 

discharging  stages  and  stations,  plant,  etc. 
deposits,  shoots,  stations,  plant,  &c. 
wire  tramways  ...         ... 

inclined  planes  

buUocks  and  carts     

cart  roads,  canals,  barges,  etc.,  etc. 


if 


»> 


if 


>» 


£1,500,000 
265.000 
250,000 
125,000 
100,000 
25,000 
18,000 


Total,  about 


£2,283,000 


APPROXIMATE  COST  OP  GETTING,  TRANSPORTING,  ETC.,  PER  TON. 

Average  cost  in  a  fair  average  mine  : — 

Getting  and  boring,  about  Is.  6d.  to  2s.  per  ton  campanil  or  rubio  mine. 

Royalty,  about  Is. 

Transport  from  mine  to  railway  6d.  to  Is. 
Transport  by  railway         Is.  6d.  to  2s. 
Contingencies,  redemption  of 
capital  and  interest,  etc.,  aboat  6d. 


»» 


w 


» 


t* 


»» 


>* 
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or  Bay  from  59.  6d.  to  69.  per  ton  f.o.b.     In  some  mines  where  ore  can  be 

got  cheaper  the  figure  would  be  about  5b.  per  ton  f.o.b. 

The  approximate  proportions  of  ore  carried  by  different  methoda  are 
as  follows,  viz.: — By  incline  and  wire  tramwayB,  ahont  two-thirds;  by 
buUotk-cartB,  mules,  shoots,  and  other  means,  about  one-third.  The  whole 
of  the  above  ore  is  carried  by  railways  with  the  exception  of  about  15  per 
cent,  which  is  loaded  into  barges  direct. 

An  intelligent  authority  has  given  the  following  as  the  proportion  of 
ores  found  in  Triano  Mountain,  viz.: — 

Bubio  (bron-n  ore)  about  SO  p«r  cent. 

Venn  (aoft  red  ore)  about        26        „ 

Campaoil  (red  banoBtite)  nbont  25        „ 

and  it  haa  been  lately  eatiniated  that  there  remains  about  30,000,000 
tons  of  good  workable  ore  in  Triano  Mountain;  hence  if  the  present  out- 
put of  about  3,000,000  tons  yearly  is  mamtained,  another  ten  years  would 
suffice  to  work  out  the  mines  in  Triano  district.  The  author  is  of  opinion 
that  this  calculation  is  not  fiiT  wrong;  at  any  rate  the  campanil  and  vena 
are  fust  being  worked  out.  Another  20,000,000  tons  of  ore  fpriucipally 
rnbio  and  vena)  may  be  reckoned  npon  in  the  other  adjacent  mining  dis- 
tricts, but  the  quality  is  not  supposed  to  be  so  good  as  in  Triano  mines. 
It  is  reckoned  that  there  are  nearly  20,000  inhabitontA  distributed  over 
the  mines,  pi-incipally  miners. 

The  percentage  of  ore  shipped  to  the  middle  of  last  year  waa  about 


England  

Franco,  Uermauj,  and  Belginm 


WHEW  SHIPPED,                                               1 

1879. 

18S0, 

1881, 

1882, 

Tont 

Tom 

Ton* 

Tont 

England            

730,000 

1,687,000 

1,713,000 

2,4SOX)D0 

Fnujce 

203,000 

245,000 

3-t5,000 

460,000 

Bfilginn'            

45,000 

83.500 

88.000 

l?8fl00 

HoUnnd  and  Gernjany... 

123,000 

205,000 

336.000 

698,000 

AiDdrica 

17,000 

35.500 

18,000 

16,000 

Totals    

1,117,000 

2,^16,000 

2,500,000 

3,e9BW0» 

S  from  that  of  1862,  bong 
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BILBAO  PORT  AND  BIVER  IMPROVEMENT. 

The  entrance  to  the  river  and  port  of  Bilbao  ia  over  a  dangerous 
eand  bar,  which  has  been  the  cause  of  many  wrecks.  The  remains  of 
several  veseela  are  now  to  be  seen  on  the  left-hand  bank  at  the  entrance, 
hence  this  has  been,  and  still  is  (though  considerably  improved)  the 
great  drawback  to  this  place  in  roug;h  weather.  Further,  bb  the  river  has 
three  sharp  beiida  and  is  narrow  in  some  places  it  has  neceBsitated  the 
following  work,  viz.: — 


3.- 


-Deepeniog  the  bar. 

-Dredging  to  straighten  and  deepen  the  river. 

-Dredging  ont  a  dock  for  loaded  vessels. 


The  above  worka  include  alai^e  amount  of  masonry  and  iron-work  for 
training  the  pier  over  the  bar. 

First,  with  regard  to  tiie  deepening  of  the  bar.  An  iron  pier  and  wall 
(shown  in  red  in  Plat*  XX.)  have  been  run  ont  about  800  yards,  the  pro- 
jected length  being  860  yards;  radius  of  curve,  3,000  metres,  or  3,280  yardss 
the  figures  on  the  blue  lines  show  the  depth  of  water  in  metres.  Its  construc- 
tion is  as  follows,  viz. : — Two  wrought  iron  longitudinal  girders,  crossed  by 
wrought  iron  joists,  form  the  upper  portion.  These  are  supported  by  strong 
forged  iron  piles  fitted  into  the  socket  of  a  helical  screw,  and  secured  by 
a  cotter  (riveted  head);  a  concrete  wall  running  between  screw  piles 
supports  and  sustains  the  pier  against  heavy  seas;  the  top  of  the  wall  is 
level  with  equinoctial  high-water  mark,  and  8^  yards  above  equinoctial 
low-water  mark.  The  sea-cud  of  the  wall  and  pier  ia  to  be  3J  yards 
higher,  to  resist  breakers  on  the  bar  in  heavy  gales,  upon  which  will  bo  built 
a  lighthouse  and  pier  and  harbour-m aster's  house.  The  basement  or 
foundation  of  the  pier  and  wall  consiatB  of  dry  rubble,  and  it  was  proposed  to 
tip  large  concrete  blocks  fifteen  to  thirty  tons  weight  oneither  side  of  the  pier 
for  the  wall  to  act  as  a  protection  in  heavy  galea;  bub  the  harbour  engineers 
have  changed  their  minds  and  simply  tip  large  blocks  of  freestone  from 
quarries  in  Aipe.  These  vary  in  weight  from  two-and-a-half  to  five  tons 
each,  and  arc  brought  down  from  the  quarries  on  barges  to  the  south  end 
of  the  pier,  and  lifted  out  by  a  couple  of  Appleby's  portable  steam  cranes  on 
to  lorries ;  these  are  run  on  to  the  pier  and  tipped  where  required.  The 
smaller  rock  or  stone  is  also  brought  down  by  barges,  lifted  hy  a  email 
overhead  travelling  winch,  on  gantry  arrangement,  deposited  by  a 
stone -breaker,  and  broken  into  3-inch  cubes.  The  concrete-mixer  is 
stationed  directly  over  the  bay  that  requires  filling.  It  is  worked  hy  a  small 
portable  engine,  and  the  whole  being  on  wheels  can  be  removed  os  the  work 
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proceeds.  Aflcr  iniiing  ia  concluded  thtj  contents  are  dropped  through  a 
Bpoot  where  reqaired;  this  has  to  be  done  at  low  wnter,  and  in  several 
battencd-up  sections,  and  aa  the  battens  forming  the  divisions  have  to  be 
taken  ont  as  soon  as  the  placing  commencee,  little  time  for  settlement  is  led. 
The  mixture  varies  as  follows,  vie.  : — From  one  of  lime  to  fonr  of  etooe, 
two  of  eand  to  one  of  lime,  and  two  of  stone  to  one  of  eand;  the 
lime  is  quick-setting  and  a  little  over  half  the  tensile  strength  of  good 
Portland  cement.  The  iron-work  of  the  pier  was  ei-ected  by  an  ^ent 
representing  a  Barcelona  firm  from  the  plana  of  an  EngliEh  engineer,  and 
all  went  well  till  October,  1882,  when  a  tremendous  gale  swept  along  tho 
Cantabrian  coast  and  carried  away  20  metres  of  the  seo-ond,  including 
ahear-legs,  winch,  and  portabie  engine  for  screwing  in  piles,  only  leaving 
6B0  yards  intact.  The  iron-work  was  considerably  in  advance  of  the 
concrete  and  rubble-work.  The  eca  on  this  occasion  rose  more  than  8  feet 
higher  than  usual  and  made  a  clean  breach  over  the  liver  walls.  On  the 
7th  December  following  a  strong  N.E.  gale  di-ove  the  s.s,  Rhyl  throngh 
the  middle  of  the  pier  for  about  half  her  own  length,  but  she  Itacked  out 
astern  without  damaging  hei-self,  leaving  a  clear  gap  10  metres  wide.  On 
the  11th  of  the  same  month  the  a,s.  Saintonge  was  thrown  broadside  on 
against  the  pier  and  on  to  the  top  of  the  rubble,  and  caixied  away  thirteen 
bays,  equal  to  85  yards;  she  was  got  offthe  following  day  slightly  damaged, 
thus  leaving  a  total  length  of  iron-work  carried  away  of  104  yards,  which 
caused  a  great  amount  of  tronble  and  expense  to  repair,  the  old  piles 
having  to  be  cut  out  and  straightened,  new  ones  bemg  screwed  in  where 
necessary.  Some  of  the  accidents  that  have  occurred  when  crossing  the 
bar  may  be  traced  to  the  steamers  trading  here  having  very  fiai  bottoms 
and  being  bad  to  steer. 

The  number  of  steamers  that  have  gone  out  during  1882  and  I88S, 
is  4,700;  average  registered  tonnage,  700  tons;  the  total  export  tonnage 
between  1882  and  1883  was  3,700,000  tons;  nine-tenths  of  this  was 
iron  ore. 

The  600  metres  of  rubble  basement  work,  tipped  to  date,  is  nearly 
70,000  tons,  and  about  32,700  cubic  yards  of  concrete  placed  in  the  wall. 

The  above-named  work  has  iudnced  a  scour  that  has  deepened  the 
bar  about  six  feet,  but  it  has  also  narrowed  the  entrance  considerably. 

About  800  yards  of  walling  have  been  put  in  on  the  right-hand  side  of 
the  river,  and  600  yards  on  the  left-band  side,  leaving  about  2,C16  yards 
of  river  walling  still  to  build.  There  is  also  a  dock  to  dredge,  covering  an 
area  of  about  Sli  acres,  for  loaded  vessels,  the  depth  of  wiiicb  is  to  bo  20  ieet 
at  low  water  ordinary  spring  tides. 
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There  are  nearly  2,600,000  cubic  yards  of  spoil  still  to  dredge  between 
Bilbao  and  Portugalete,  and  about  327,000  cubic  yards  of  river  walling 
with  some  maaonry  to  build. 

The  following  are  some  of  the  contract  prices  for  masoniy,  etc.: — 


Orjmbble             35 

7 

0 

6    S 

Ordinirj  rubble 60 

IB 

0 

9    0 

Ordinary  ooncretB            40 

8 

0 

6    0 

Hydranlic  rabble              75 

15 

0 

11    0 

Hydraulic  concrete           BO 

16 

0 

13    0 

StoDE-work  in  quoins  uid  walli  ...      200 

2    0 

0 

1  10    0 

Ordinary  brick-work  with  common 

mortar ISO 

I   10 

0 

12    6 

Brick-work  in  arcbea       180 

1  16 

0 

17    0 

Plain  a«hlar-work,  uuiditone       ...      320 

3    4 

0 

2    8    0 

CutanddreBsedhatdBtone-worlt,..      360 

8  12 

0 

2  14    0 

Stone  pitebing  from         ...          SOtoGS 

...6t. 

to  11 

0 

...4b.  6d. 

to    8    S 

Eicavalion  from               ...          10  t<i  12 

...2b. 

to    2 

6 

...l8.6d. 

to    1  lOi 

Embankment         ...         ...            I  to   7 

„,l8. 

to    1 

6 

...      M. 

to     1      ij 

The  pier  or  jetty  ban  cost  to  date  about  £78  per  yard,  but  it  must 
be  borne  in  mind  that  tbere  is  about  328  yards  of  concrete  wall  yet  to 
build  to  make  up  to  the  874  yards  of  iron-work  erected.  The  total 
amount  of  work  done  to  date  is  as  follows: — 

£ 

Iron-work,' timber-work,  and  oBtimatc  o{  lighthouse       2S,O0a 

Babble  b»«enioat 29,000 

Concrete  nail  to  bigh-wat«r  levol 16,000 

£70,000 

Bnoya  chained  to  screw  piles  are  being  placed  about  218  yards  apart 
between  Portugalete  and  Luchana. 

The  total  estimated  cost  of  plant  and  material  for  dredging  purposes 
belonging  to  the  Contractors  and  Harbour  Board  is  about  £fi5,000  to 
£70,000.  The  greatest  part  of  this  has  come  from  England,  and  in- 
cludes 3  ladder  dredgers,  1  of  Bruce  and  Batho's  hydraulic  diggers,  10 
Priestman  grabs,  2  steam  hopper  barges,  1  tug-boat,  14  Iwttom  and  side- 
opening  baizes  for  the  dredgiug-soil,  and  a  number  of  liiilks  and  barges 
for  various  other  purposes,  so  that  about  3,800  cubic  yards  of  soil  could 
be  dredged  daily  and  disposed  of,  if  the  condition  and  arrangeraent  of  sea 
and  river  were  always  favourable.  As  half  of  this  quantity  of  soil  has  to 
be  carried  out  to  sea  the  average  falls  considerably  below  that  figure.   The 
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price  of  dredging  varies  from  5  to  6  reals  per  cubic  metre  (lOd.  to  Is. 

per  cnbic  jard).  Taking  the  preceding  data  and  tLe  following  statement 
into  account,  an  idea  may  be  formed  of  the  work  done  and  to  be  done  in 
Bilbao  river,  and  the  moans  at  hand  to  accomplish  it. 

Before  annesing  the  statements  referred  to,  the  author  would  take  the 
liberty  of  making  the  following  brief  romarks  on  the  works  geuemlly. 

The  pier  or  jetty  should  have  been  carried  out  on  the  opposite  aide 
of  the  river  entrance,  as  sea  currents  set  into  and  return  from  Algurta 
and  Lna  Arenas  and  form  immense  sand-banks,  which  arc  continually 
drifting  into  the  river  channel,  that  being  the  side  they  are  all  carried  from  j 
and  in  the  prevailing  north-west  gales  HtoamerB  could  run  in  from  under 
the  lee-side  of  Monnt  .Serantes  straight  for  the  channel  entrance. 

At  present  there  is  more  water  on  the  bar  than  hitherto,  caused  by  the 
river  scour.  The  draft  of  water  on  the  bar  at  high-water,  in  1881,  was  15 
feet,  and  in  1883, 20  feet.  The  scour  loses  its  poweras  it  leaves  Portagaletc, 
hence  the  channel  becomes  narrower,  and  if  a  vessel  takes  a  shear  in  a  heavy 
sea  and  comes  in  over  the  bar  broadside  on,  which  has  frequently  been  the 
case,  she  mua  a  great  risk  of  striking  the  pier  or  running  into  sandbanks. 

The  size  and  draught  of  vessels  have  increased  considerably  dnriug  the 
last  two  years,  which  increases  the  risks. 

It  may  be  that  the  Chamber  of  Commerce  or  Harbour  Board  have 
not  concurred  with  the  ideas  of  the  Port  Engineer  in  deciding  the  site  or 
direction  of  the  pier  (as  was  the  case  with  Gijou  harbour),  and  have  departed 
from  the  regulations  laid  down  by  the  Government  cngiueers  with  regard 
bo  harbour  works  on  the  north  coast  of  Spain,  purely  from  commercial, 
private  or  personal  motives. 
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The  total  amount  paid  on  said  contracts  to  date  (June,  1883),  may 
be  divided  as  follows: — 


Office  and  general  expenses  . . . 

••t                 ••«                 ■•« 

1,700 

Studies,  expenses  of 

•••                 •••                 ••• 

600 

Expropriation  of  land 

•••                 •••                  ••• 

24,000 

Dredging  and  masonry,  new  rivei 

•  cut  (Elorrieta) 

48,000 

Dredging  river,  lower-half ,  to  date            

47,000 

Masonry,       „              „              „ 

•  •  •                 ■  •  « 

48,000 

Dredging  river,  middle  portion,  to  date    

12,000 

„            „    upper          „ 

„ 

28,000 

Harbour  Board's  dredging  plant 

26,000 

Buoys  and  moorings 

2,200 

Electric  light  arrangement 

1,800 

Blowing  up  sunken  wrecks 

25,000 

Maintenance  of  river  walls 

2,000 

Administration          

1,200 

Inspection  by  Government 

1         ..• 

130 

Interest  on  loan         

Total    

6,000 

£273,630 

The  total  revenue  from  January,  1878,  to  June,  1883,  was  nearly 
£290,000;  expenses,  as  per  preceding  statement,  £275,000;  balance  in 
hand,  30th  June,  1883,  £15,000. 


AVERAGE    PRICES    OP    IRON    ORE. 


Port. 

Newport 

Cardiff 

Tyne 

Glasgow   ... 

Rotterdam 

Amsterdam 


1882. 
6.     d. 

1883. 
■.     d. 

DecreaM 

per  Ton. 

■.     d. 

8     6 

6    9 

2    9 

8     0 

6    6 

2    6 

9    6 

7    0 

2    6 

9    6 

7    0 

2    6 

11    0 

7    6 

8    6 

11    3 

7    6 

■ 

8    9 

Mr.  Thomas  E.  Candler's  paper  "  On  Thompson's  Patent  Centrifugal 
Pulverizer"  was  then  announced  to  be  open  for  discussion. 

Mr.  Thompson,  the  inventor  of  the  machine,  said  that  Mr.  Candler 
was  in  China,  and  he  (Mr.  Thompson)  had  thought  it  best  to  attend  the 
meeting  to  answer  any  questions  members  might  desire  to  ask. 

The  President  asked  Mr.  Thompson  if  he  wished  to  add  anything 
to  the  paper  ? 


DISOUaSION — THOMPSONS  PATEST  OENTRIFIJfJAI.  PULVUBIZER. 


Mr.  Thompson  replied,  that  prnetical  men  asked  how  he  was  going 
to  keep  the  grit  out  of  the  benrings  of  the  machine.  Mr.  Candler 
in  the  paper  referred  to  some  improvements,  but  at  that  time  the  patent 
was  only  provisional  aod  the  improvements  were  kept  secret.  The  new 
arrangement  consisted  of  utilising  the  inward  flow  of  the  feed-water  by 
directing  it  through  a  water-bearing  on  the  mill  shaft,  so  that  it  flowed 
around  the  shaft  and  entered  the  mill  in  a  circular  jet,  which  entirely 
prevented  the  eecape  of  pulp  or  grit  except  through  the  proper  channel. 
It  was  necessary  to  have  wiiter  running  into  the  hopper  when  grinding 
mineral,  quartz,  etc.,  and  when  these  improvements  were  practically 
applied  to  machines  iu  use  at  Bristol  and  Greenwich  a  saving  of  one- 
tbird  the  power  was  effected.  The  machine  had  also  been  used  for 
grinding  coal,  and  the  ball  nsed  lasted  eiceedingly  well  and  kept  ita 
spherical  shape.  The  balls  were  made  of  hammered  steel  all  through, 
and  were  the  hardest  that  could  be  obtained.  For  coat -grinding,  particu- 
larly where  the  coal  was  required  to  be  ground  fine,  there  could  not  be  a 
better  system  than  the  pounding  action  which  was  very  rapid.  The 
machine  will  grind  coal  either  wot  or  dry. 

The  Prebident  said,  when  he  spoke  of  wet  coal,  ho  did  not  mean  coal 
with  water,  but  coal  that  had  been  washed.  When  coal  was  mixed 
with  stone  or  foreign  matter,  it  was  nccesBary  to  wash  it  to  get  rid  of  the 
foreign  matter.  It  has  been  found  that  some  machines,  worked  for  the 
purpose,  would  not  grind  damp  coal,  but  possibly  this  would. 

Mr.  Thompson — It  certainly  can  grind  damp  coal. 

The  President — That  is  a  great  point.  In  many  places  machines 
cannot  be  applied  on  accoant  of  the  necessity  of  washing  the  coal. 

Mr.  Thompson  said,  the  crushing  action  was  equal,  and  coutinned 
the  same.  The  discs  were  set  with  so  little  pressure  on  the  ball  as  to  allow 
it  to  slip  to  the  bottom  of  the  ring  when  they  were  slowly  turned.  But 
when  they  were  running  at  their  proper  velocity  this  slight  contact  was 
sufficient  to  carry  the  ball  over  and  keep  it  rolling.  He  had  the  testimony 
of  Mr.  Green,  mining  engineer,  who  had  had  considerable  esperienoe  in 
gold  quartz  grinding,  that  with  this  machine  he  saved  two-thirds  of  the 
power.  Many  persons  thought  the  ball  was  likely  to  bed  in  the  discs. 
That  never  could  take  place;  the  ball  was  always  changing  its  position, 
and  when  the  discs  were  taken  out  they  would  be  found  to  have  a  perfectly 
true  surface. 

Mr.  TsoMpaou  exhibited  gold  quartz  which  had  been  ground  at  the 
rate  of  16  cwt,  per  hour,  with  6j  indicated  horse-power,  and  a  ball  of  8j 
inches  diameter;  also  a  sample  of  wheaten  flour  which  had  been  ground 
by  the  machine. 
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The  President  proposed  a  vote  of  thanks  to  Mr.  Thompson  for  his 
kindness  in  attending  and  explaining  the  machine.  The  machine  had  a 
very  wide  range  of  power — ^from  gold  quartz  to  wheaten  flour;  and  there 
was  no  doubt  that  between  the  two  extremes,  the  mineral  which  they  were 
most  interested  in — coal — ought  to  come  in.  He  hoped  the  machine 
might  be  of  use  to  those  who  required  something  of  the  sort. 

Mr.  John  Daglish  seoonded  the  vote  of  thanks,  which  was  agreed  to. 


The  Secretary  then  announced  the  result  of  the  Election  of  Officers 
for  the  ensuing  year. 


Mr.  Steavenson  proposed  a  vote  of  thanks  to  the  i-etiring 
President  for  the  very  excellent  manner  in  which  he  had  presided 
over  them  during  his  term  of  office.  It  had  been  a  great  pleasure 
to  them  to  meet  Mr.  G.  B.  Forster,  who  had  seldom  missed  a  meeting,  and 
had  sat  through  the  longest  meetings  with  the  greatest  patience,  always 
giving  them  the  benefit  of  his  experience  in  a  pleasant  manner. 

Mr.  £.  £oBiNSON  seconded  the  motion,  which  was  unanimously 
agreed  to. 

The  President  said,  that  in  bidding  them  good-bye,  as  their  President, 
he  had  to  thank  them  very  much  for  the  great  kindness  and  assistance 
which  every  one,  Vice-Presidents,  Council,  and  Members,  had  always 
rendered  to  him.  He  was  afraid  that  Mr.  Steavenson  had  told  too  flatter- 
ing a  tale,  but  he  (Mr.  G.  B.  Forster)  could  say  that  he  had  done  the 
best  in  his  power,  and  hoped  he  had  not  neglected  the  Institute. 
Although  the  last  three  years  had  been  rather  what  they  called  a  stationary 
period,  owing  to  the  depression  of  trade  and  various  other  causes,  yet  on 
the  whole  the  Institute  had  not  lost  ground;  and  this,  as  the  reports  of 
the  Council  and  Finance  Committee  showed,  was  a  point  of  some  import- 
ance; because  if  they  could  hold  their  own  in  bad  times  they  might  look 
forward  to  being  carried  onward  higher  and  higher  when  the  wave  of 
prosperity  returned.  He  concluded  by  calling  for  a  cheer  for  the  new 
President,  which  was  heartily  responded  to,  and  the  meeting  concluded. 


BAROMETER    AND    THERMOMETER    READINGS 

FOR    1883. 


By    the    secretary. 


These  readings  have  l)een  obtained  from  the  observations  of  Kew  and 
Glasgow,  and  will  give  a  very  fair  idea  of  the  variations  of  temperature 
and  atmospheric  pressure  in  the  intervening  country,  in  which  most  of 
the  mining  operations  in  this  country  are  carried  on. 

The  Kew  barometer  is  34  feet,  and  the  Glasgow  barometer  180  feet 
above  the  sea  level.  The  latter  readings  have  been  reduced  to  32  feet 
above  the  sea:jevel,  by  the  addition  of  '150  of  an  inch  to  each  reading, 
and  both  readings  are  reduced  to  32  degrees  Fahrenheit. 

The  fatal  accidents  have  been  obtained  from  the  Inspectors'  reports, 
and  are  printed  across  the  lines,  showing  the  various  readings.  The 
name  of  the  colliery  at  which  the  explosion  took  place  is  given  first,  then 
the  number  of  deaths,  followed  by  the  district  in  which  it  happened. 

At  the  request  of  the  Council  the  exact  readings  at  both  Kew  and 
Glasgow  have  been  published  in  figures. 
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NORTH  OF  ENGLAND  INSTITUTE 


OF 


MINING  AND  MECHANICAL  ENGINEERS. 


ABSTRACTS  OF  FOREIGN  PAPERS. 


THE  COOLING  OP  THE  WATER  OP  CONDENSATION  BY  ARTIPICIAL 

VENTILATION. 

Ueher  Ahkuhlung  des  Condenaationrwasaert  durch  kUnatlichen  Luftwechael,  By 
Pbofessob  Wellnbb.  Oesterreichiache  Zeitschrift f&r  Berg-  und  Siittenweaen, 
Vol.  XXXL,  Fart  12,  ;>/?.  157-160. 

Professor  Wellner  treats  especially  of  a  new  method  of  cooling  the  warm  water  from 
the  air-pump  by  evaporation  helped  by  artificial  ventilation,  brought  about  by  ven- 
tilators, so  that  the  greater  part  of  it  can  be  used  over  and  over  again  for  condensing. 

If  D  be  the  weight  of  the  steam  which  finds  its  way  to  the  condenser  from  the 
steam  engine  per  hour,  W  the  weight  of  injection  or  water  of  condensation  used  per 
hour,  t  and  to  =  the  temperature  of  the  steam  and  the  injection  water  before  entering 
the  condenser,  if  <=-  the  temperature  of  the  resulting  mixture  after  condensation,  then 
the  heat  which  must  come  from  the  steam  D  to  condense  it  to  water  of  ^  temperature, 
when  the  specific  heat  of  water  for  the  temperatures  under  consideration  is  taken  to 
be  =  1,  is — 

D  (606-5  +  0-305  t  —  f)-, 

and  the  heat  acquired  by  the  injection  water  is — 

W  (^'  —  ioY 

,.,      W      606-5  +  0-305  <  — ^  ,,. 

Prom  which      -^  = ^  —  t ^* 

6066  +  0-805  <  +  ^— ^o 
and  if  = ^^ ....      (2). 

D   ^^ 

The  water  delivered  by  the  air-pump  W  +  D  having  the  high  temperature  f^  must 
be  so  far  cooled  by  air,  that  a  quantity  of  water  W  of  the  lower  temperature  to  arises 
to  be  used  agiia  a^  injection  water.    The  quantity  of  heat  which  must  be  absorbed  is — 

(W  +  D)  (^  —  to)  is  from  (1). 
D  (606-5  +  0-305  t  —  to)  .        .        .        .        (3). 

This  considerable  quantity  of  heat  in  the  water  is  not  to  be  detracted  by  mixture  or 
circulation  with  colder  air,  but  by  changing  the  condition  of  the  water,  that  is  chang- 
ing the  drop-forming  water  into  spray,  whereby  relatively  a  very  krge  amount 
of  latent  heat  is  absorbed,  bringing  about  a  rapid  cooling.      Tlie  cooling  apparatus 


devised  by  the  author  consists  of  a  slightly  inclined  quadratic  iron  pipe  of  a  large 
area.  In  the  same  a  number  of  cloths  are  stretched  vertically  side  by  side,  down 
which  the  water  from  the  air-pump  is  made  to  trickle,  while  air  is  blown  horizontally 
through  the  cloths. 

The  calculation  arriving  at  quantity  of  air  necessary  for  the  operation  is  based  on 
the  condition  that  the  area  of  water  subjugated  to  the  air  is  so  large  that  the  air,  after 
passing  in  the  cooling  a])])anitus  is  thoroughly  saturated  with  vapour. 

Let  t  e  and  T  e  =  the  relative  and  absolute  temperature  of  the  air  entering  the  ap- 
paratus. 

t  a  =  — 5—^  and  T  a,  the  same  of  the  air  coming  from  the  apparatus. 

Ye  and  V  a,  the  volume  in  cm.  of  the  air  on  entering  and  leaving. 

S  e  and  S  a,  the  maximum  pressure  of  the  water  vapour  in  mm.  of  mercury  for 
t  e  and  t  a. 

7  —  1*293,  the  weight  of  1  cm.  of  dry  air  at  0°  C.  and  normal  barometrical 
pressure. 

B  =  0*623,  the  constant  density  of  the  steam  at  a  low  pressure  with  r^ard  to  the 
atmospheric  air. 

Then  the  weight  of  water  vapour  entering  the  apimratus  is  (taking  the  most  un- 
favourable condition,  the  almost  thorough  saturation  of  the  incoming  air) — 

and  the  same  in  leaving — 

r./             XT     :i      ^<^     273 
Da    =    V  aC  '^i , 

'760     T  a 
As  the  pressure  of  the  air  remains  the  same  throughout — 

J-^  =  ^'?,  and  ly  =  D  =  0-289  ^  (S«  -  Se) 
from  which 

The  average  value  of 

te     =     18°  and  ^a     =     — ^—    =     84°, 

which,  according  to  Regnault,  is  equal  to 

15*36  mm.     =     S  «  and  89*56  mm.     «=     S  a, 

80  that  V  (?     -     41*6  D (4) 

tliat  is  for  every  kilogramme  of  steam  used  by  the  engine  the  quantity  of  air  required 
in  the  most  unfavourable  condition — when  the  air  to  bo  used  is  nearly  saturated  with 
moisture — 41*6  cm.  of  air  are  required  to  be  blown  through  the  cooling  apparatus  in 
order  to  evaporate  therein  one  kilogramme  of  spray. 

As  velocity  and  not  pressure  of  the  air  is  of  importance.  Professor  Wellner  estimates 
that  for  1  tf  of  power  used  50  cm.  of  air  are  requisite,  which  gives  in  the  most  un- 
favourable situation,  one-sixth  of  the  working  power  as  necessary  for  the  ventilators 
used  in  the  cooling  apparatus.  To  show  that  there  is  a  saving,  although  the  power 
required  is  great,  calculations  shown  in  the  paper  give  the  percentage  of  saving  in 
power  by  the  apparatus  to  be  equal  to  35,  and  after  deducting  the  power  required  for 
the  ventilator  in  the  most  unfavourable  case  put  down  at  22^  per  cent.,  gives  a  net  gain 
of  12J  per  cent,  C.  Z.  B. 


THE  PHTSICAt  AND  MORAL  CONDITION  UK  THE  MEN  EMPLOYED 
IN  LAllGE  ESTABLISHMENTS. 
Slmde  mr  la  SitaatiOH  Phgiiqae  tt  Morale  da  Onvriera  del  Oranili  Chanlieri.   Par 
M.  H.  DB  Laobenk!     AnnaUi  dei  Ponli  tt  Chaaitia,  Her  6,  Vol.  V.,  1883,  yp. 
315-345. 

Tbo  antlior  cauBidcn  tW  cmjilDycrB  of  labour,  on  iiitcrntod  u  well  ua  on  nionJ 
groumli,  flhonld  make  themselves  tboroughlj  acquaiutcil  with  tliuir  workmeii,  aiid 
aboDid  eierciie  a  eertaiu  amonut  of  {stJicrlj  caro  over  them.  Iii  iirilcr  lo  (to  this  a 
uaatiT  most  know  what  hia  men  as  a  birfj  tliiiik  and  feel,  Uow  tliey  occupy  their  spare 
time,  wbat  iutcrcBta  thej  liave  beyond  tlieir  work,  etc.  He  lias  made  snch  ohacn-atioQa 
upon  hii  own  men,  the  results  of  wbieh  are  given  io  this  |ju]ier. 

Chapter  I,  treats  at  the  reoruLtiug  gruunda  for  tbe  different  classes  of  workmen. 
the  sjBteui  of  cngageinBiit,  bour»  of  work,  huura  of  idlunesn,  foud,  lodging,  cluLhiuf-, 
uivdival  attendance,  «'agel^  aud  savings. 

In  Cliapter  II.  the  eorniiigs  and  Cliwi.diturt  of  iudividiiul  \wn,  oue  lak.-n  rruiii 
each  class,  are  given  and  diaoussed.  J.  H.  M. 


THE  LEBLANC  AND  LOIKEAL'  SAFETY  UEAR. 

Note  nr  lei  appareiU  de  Kfurili  Leitanc  el  Loiieau.  Par  M.  BuosaARO  UB  COE- 
BIONY,  ingrnieur  en  cirf  da  mtHei.  AnnaCei  det  Miaet,  Mimoira,  &r.  8, 
Tome  11^  1882,  ji^,  353-360,  onefuUiag  plate. 

This  invention  of  MH.  Leblanu  and  Loiseau  is  intended  to  hHow  the  position  of  a 
train  npon  tbe  line,  and  is  automntie,  bein;  put  iuto  action  by  tbe  train  itiwlf.  A 
rocking  lever  is  pUccd  outside,  and  at  riyht  anglra  to  tbe  rails.  The  end  of  this  lever 
next  tlie  line  ia  furnished  with  a  jiedal  so  placed  as  to  almost  touch  tlie  nul,  and  Co  ru<« 
about  au  iuch  above  it  The  other  end  ia  attached  to  a  |iair  of  bellowa.  which  it  keeps 
closed  fay  its  wdglit.  The  bellows  are  funiishual  with  a  small  bole  for  the  exit  of  the 
air,  the  aae  of  which  eun  be  rt'gulated.  The  felloe  of  the  tint  wheel  of  the  train 
strikes  tbe  pedal,  deprcsseR  the  lever,  and  opous  the  bvllows.  Air  rushes  into  the 
bellows,  but  can  only  escape  again  very  slowly.  Tbe  lever  therefore  cau  ijldy  rise 
slowly,  and  the  apparatiw  is  iiut  subjected  to  the  wear  and  tear  which  would  be  prO' 
ducvd  by  a  blow  from  each  wheel  of  the  train- 
By  mcaus  of  clwtricity  the  passage  of  a  train  over  tbe  jicdal  is  made  to  ring  a  bell, 
or  make  any  otlier  signal  that  may  ho  ruguired.  The  a|)]RLrutua  has  been  in  use  at 
Tours  during  1881^2,  aiiA  at  other  places  in  Fnuicc,  and  has  been  found  to  work 
utisfactorlly.  J.  H.  H. 


BOILEU  EXI'LOSIOXS. 

BulUlia  del  arcidtnli  arriv/i  dam  Vemploi  del  appareu'li  a  cajietir  j/eiidaHt  Cannot 
1B81.     -IsBofc.  da  Mina,  Mim^ra,,  Sir.  8,  Tome  II..  1883,  pp.  468-471!. 

This  paper  eonsiata  of  a  list  of  aciudeuts,  tweuty-niiie  iu  number.  Tlio  fotlowiiig 
jiartiouLirs  are  given  of  eaoh:~Date,  imture,  and  situation  of  the  catablishmunt;  nature, 
ahape,  aud  size  of  tlie  bculer;  circumataucoi  uf  tlic  accident;  conauqnoueeB;  and  pre- 
sumed CHiise  of  the  itcident.  J.  H.  M. 


SPANISH  IMPORTS  AND  EXPORTS.  1882. 

Importacionet  y  Exporfacionet  de  Espana  durante  el  Auo  1882.     Revitta  Minera 

y  Metalurgica,  SSr.  C,  Vol.  J,  1883,  pp.  161, 162. 

Ikpobts. 


Coal  and  coke 
Tar,  asphalt,  etc. 
Raw  petroleum 
Refined    do. 
Glass 

Ovt5d    •  •  •  •  •  • 

Iron  and  ironwork  . 

Tin  plate 

Copper  wire  (alambre) 

Copper 

Common  salt 

Machinery    ... 


QUANTITT. 

Value. 

Duty. 

1881. 

1883. 

1881. 

1883. 

1881. 

1883 

Tons. 

Tons. 

£ 

£ 

£ 

£ 

982,458 

1,108,081 

913.397 

950,558 

98,231 

110.808 

20,515 

22.929 

147,711 

165,095 

3.364 

3,760 

47,270 

34,946 

340,342 

251,613 

7,752 

6,731 

1,895 

445 

30,097 

5,636 

4,168 

967 

4,177 

4,718 

145.984 

161.699 

34,572 

36,717 

1,163 

1,430 

5,101 

6,247 

1,567 

1,889 

112,970 

113,319 

1,016,386 

1,084,109 

328,809 

336,588 

3,471 

3,338 

88,189 

87,244 

28,906 

27,679 

5,929 

7,022 

108,838 

130,026 

18,149 

20.640 

643 

830 

53.285 

69,033 

10,892 

13,606 

3,109 

2,724 

2,487 

2,179 

885 

846 

22,377 

25,811 

1,134,770 

1,317,309 

58,430 

65.238 

EXPOBTS. 


Quantity. 

Yat.uk. 

1881. 

1883. 

1881. 

1883. 

MiNBBALS— 

Tons. 

Tons. 

£ 

£ 

Zinc  ore 

30,604 

25,832 

63,193 

51,664 

Copper  ore           

452,475 

571.442 

1,294,993 

1,600,037 

Iron  ore    

3,137,063 

4,021,761 

1,581,765 

2,413.056 

Common  salt        

335,283 

223,830 

268,226 

178,784 

Others       

70,327 

70,094 

221,486 

246.673 

Metals — 

Quicksilver          

1,779 

1,167 

391,381 

232,456 

Copper  (en  torales) 
Iron  and  ironwork 

17,710 

22,708 

688,312 

882,591 

37,903 

40,116 

141,173 

142,888 

Lead  in  pigs        

105,809 

116,132 

2,109,934 

2,146,004 

J.  H.  M. 


ROLLING  STOCK  ON  FRENCH  RAILWAYS. 

MatSriel  roulant  de*  chemins  de  fer  fran^ais.     Annalet  des  Ponii  et  Chausties. 

MSmoiret,  SSr.  6,  Tome  VL,  1883,  p.  85. 

The  Minister  of  Public  Works  lias  just  published  the  following  statistics  of  the 
quantity  of  rolling  stock  on  the  whole  of  the  French  railways : — 
Locomotives— 2,826  passenger ;  4.067  goods ;  total,  6,893. 
Carriages— 3,208  first-class;    5,315  second  class;    6,909  third  chiss;   total, 

15,432. 
Tnicks— 182.089  of  all  kinds.  J.  II.  M. 


FRENCH  RAILWAY  STATISTICS.  1882  AND  1881. 
Sulhtiit  d»  Vexplollation,  dn  eoilroli financier  et  de  la  tlatiiCigue  det  chenim  defer. 
Ihmtio*  du  coHirolt  det  eomplei  det  eompagalei  el  de  la  tlatittiqae.    SftuUali 
eomparalifi  de  Vexploilatioa  dtt  pAemiitt  de  ferfraa<;ait  d'intfrit  local  {An- 
nitt  1882  et  1881).       AnaaUt  det  PonU  el    Chauti/ti.       Menoiret.   Sir.  6, 
ToHt  VL,  1883,  p.  76. 
The  Hini«(er  of  Poblii;  Worltg  \\<ui  puhlUheil  n  tabic  giving  the  reoelptn.  eiiBinIi- 
tare.  etc.,  of  th*  French  Im-al  nulivayi.    The  totals  for  the  whole  of  the  linoi  are,  for 
tho  following  of  the  items: — 

1882— kll(imetre»  open,  2,34^!  reci-ipta  p«r  kilometre,  7,74*  francs;  rajiendi- 
tarn  per  kilomatre,  6,497  franca ;  profit  per  kiloinutrc,  1^7  fnuic*.  which 
is  cqnal  to  £80  per  mile. 
1881— kilomutreB  open,  2,132 1  recoipts  per  tilonietor,  7,827  fmncB;  expondi- 
tore  per  kilometre,  6,190  francs ;  pnilit  per  kilometre,  1,637  f ranes,  whii'h 
ia  eqnal  to  £106  per  mile.  J.  H.  M. 


BORING  DEEP  WELLS  BV  WATER  PHESSirKB. 

The  SHenlifiu  Amtncaii.  Ntm  Striei.  Vol.  XLIX.,  1883,  p.  144. 

Jarvie  B.  Edaon,  of  North  Adams,  JUaas,,  iias  introduced  an  improvement  n[wii  tlio 
ordinary  metliod  of  sinking  wclU  by  water  preaanrc,  b;  iiieana  nf  which  tlicy  can  bo 
carried  down  to  depths  of  200  or  3G0  feet,  and  poaaibly  much  further.  The  improve- 
meiit  consiata  in  placing  in  the  line  of  pipe,  at  ever;  two  or  three  lengths,  a  tliree-waj 
coek,  the  aide  outlet  of  wbicli  ia  attached  to  a  hose,  down  which  hose  watiT  Is  forced. 
In  thia  way  a  coiitinnout  atroam  of  water  can  he  kept  np.  By  the  old  method  the 
atrcAin  of  water  hiu  itloppcd  wliiUt  a  frcali  length  of  pipe  waa  being  screwed  on, 
allowing  sand,  gravel,  etc.,  to  settle  down  and  jam  tlie  pijic.  J.  H.  M. 


SINKING  OF  THE  IDA  SHAFT  AT  HOHNDOUK. 

IHt   Ahfiefvng    det  Ida-Sc\aehUi  in  Eohndorf.      Zeilaehrl/l  det  Vereinei  dmliiL-Aer 
I<iStnle»rt,  Vol.  XXVII.,  1883,  pp.  289,  390. 

This  ia  a  notice  of  an  article  which  appr«red  in  the  sixth  volume  oF  the  Freihnrg 
Academical  8ociQt;f'a  magazine.  "  GliiekaDf,"  and  givtw  a  abort  account  uf  the  tinking 
of  the  Ida  Shaft,  and  a  detailed  anmmary  of  the  coat. 

Ttie  shaft,  which  waa  a  round  one  of  14  feet  9  inchea  in  lUameter,  ivbb  lined  at  the 
top  with  moaonry,  and,  to  take  the  guidei  and  otiicr  abaft  dUings,  U-ahaped  iron  ringa 
were  spaced  at  inicrvala  of  from  16  feet  to  21  feet  throughont  the  d^pth. 

The  ainldng  began  in  December,  1877.  and  was  continued  mth  liand.winch  and 
hand-pumpa  to  a  depth  of  33  fiithom*,  tlio  cuginea  and  other  plant  at  bank  being  in 
the  meantime  placed  in  poaition.  Tlieae  latter  were  read;  to  begin  work  in  May,  1879, 
and  the  linking  laatcd  till  the  end  of  April,  1381,  progreaa  being  mode  at  tho  rate  of 
13'7  fathoms  per  month  during  the  firat,  and  19  fethoms  ])er  month  during  Ulc  second 
year,  the  beat  result  iibloincd  in  any  one  month  being  23j  fathnmi. 


Tho  pumps  were  of  sufficient  power  to  deal  with  55  gallons  of  water  per  minute. 
The  cost  of  the  undertaking  was  as  follows  : — 

Wagbs.  £ 

For  sinking  and  mason  work  in  the  first  33  fathoms  950 

Do.        for  the  rest  of  distance  »  393  fathoms...  5,700 

Fitting  of  pumping  machinery 95 

Construction  of  shaft  reservoirs  for  successive  tiers 

of  pumps      ...         ...         ...         ...         ...         ...  90 

Miscellaneous      ...         ...         ...         ...         ...         ...  1,165 


£8,000 


Matkuials. 
Masonry,  woodwork,  and  ironwork  in  shaft 
Pumping  machinery  and  ro])cs 
Coals 

O  irOX^^  •••  •••  •••  •••  ••• 

Miscellaneous      


6,500 

2,000 

640 

350 

160 


9,650 


Total  cost  (exclusive  of  plant,  etc.,  at  bank)        ...     £17,650 


A.  R.  li. 


THE  MEYER  STONEBORING  MACHINE. 

Die    Meyer^8che    Gesteitubohnnatchine.      H.   Lolling.      Zeittchrift  des    Vereine* 
deuischer  Ingenieure,  Vol  XXVIL,  1883,  pp.  342-346,  Illutirated, 

This  is  a  description  of  a  stone-boring  machine  made  at  the  Miilheim  Engine 
Works,  of  Mulheim,  on  the  Ruhr,  and  much  used  in  the  Westphalian  coal-fidd  and  in 
other  parts  of  Germany. 

The  ordinary  driving  power  is  steam,  but  for  underground  work  compressed  air  b 
used  instead. 

Machines  are  made  to  work  from  one  to  four  drills,  which  can  be  adjusted  to  bore 
in  different  positions  and  at  different  angles  sinmltaneously. 

The  machine  in  its  simplest  form  consists  of  a  horizontal  spindle  working  on 
trunnions  between  upright  columns  fixed  upon  a  bed-plate  running  upon  rails.  £x> 
tending  towards  the  rock  face  the  spindle  has  a  long  arm  with  a  small  piston  working 
on  a  pivot  at  its  outer  end,  so  as  to  be  adjustable  to  different  angles.  The  drill  is 
fixed  upon  the  piston  rod,  which  thus  delivers  its  blow  direct,  and  by  means  of  gearing 
is  made  to  revolve  one-eighth  of  its  circumference  after  each  blow,  and  to  advance 
gradually  into  the  hole.  The  speed  of  the  piston  is  from  500  to  600  strokes  per 
minute,  each  stroke  giving  a  blow  to  the  drill. 

A  special  form  of  the  machine  is  made  without  carriage  or  spindle  for  work  in 
confined  spaces,  to  be  moved  and  fixed  in  position  by  hand.  It  consists  simply  of 
cylinder  and  piston,  and  its  weight  is  about  60  lbs.,  the  diameter  of  the  cylinder  being 
Z\  inches.  A.  R.  L. 


i'mrre  Dampfkatelfeuermgeu  tar  LUiang  der  San 
da  Vtrtiitetdeuhcher  Ingcniture,  Vol.  XXVII., 


:>>frage.     C.  Bach.    Ztiltcirijt 
883,  pp.  177-183,  o<K  riale. 


This  i»  a  reprint  of  a  paper  read  before  tho  Wurtcmbcrg  Beiirksvcri'in,  uid  con- 
tnins  ail  ciaminatioD  of  the  roenlta  nblu'incd  in  tlio  tim'n  of  Itoxle,  with  nilty  dilTenMlt 
bfiiUrs  fittal  with  various  firing  appliantea  for  tlio  [ireventioii  nf  auiulie.  Tlieac  are 
fitted  lu  follows  :— 

31  with  Tenbrint  firing      1 

9    „     Doublo  grotca  bj  Gebr.  Tschann 2 

5    „     Schulti  firing        3 

2    „     Kradewig  firing    ...         4 

2    ,,     MacDoogall's  mechanical  stokcn  5 

2    „     Inclined  grates      6 

2    „     Scherrer  gratea      7 

2  „     Tier  grates 8 

1     „     P<iai[ufty  grates       8 

1     „     llartmaiiu  firing 10 

3  „     Shaft  firing  (for  bnrk  and  sawdust)        11 

Of  these  Nos.  1,  i,  and  7  are  favonrablj  mentioned,  Nos.  2  and  3  lutvo  with  careful 
firing  given  fair  reEutta,  and  the  reat  have  for  the  moat  part  twen  unsatisfactory. 

The  best  results  have  bran  given  by  the  Tenbrink  system,  of  which  a  full  descrip- 
tioD  is  given.  Below  one  end  of  the  main  boiler  and  in  connection  n*ith  it  is  placed 
another  in  a  tranaverse  direction,  nOiicli  is  pierced  diagonally  by  one  or  mure  large 
slightly  canied  tuUn,  through  each  of  which  a  grate  U  Rial  at  an  angle  of  about  60 
degrees,  the  Are  bars  being  arranged  in  the  form  of  steps.  The  fire  door  ia  at  the 
upper  end.  the  coal  sliding  gradually  down  the  incline  into  the  furnace  below.  Under 
the  fire-door  ia  an  tur-door,  whiob  is  so  arranged  that  tlic  amount  of  air  entering  the 
furnace  can  be  regnlatcl  at  wilL  Besides  the  inclined  grate,  this  system  has  the 
peculiarity  that  the  hot  air  is  made  to  pass  op  the  incline,  meeting  tho  fresh  coali  and 
burning  the  gas  which  they  contun,  so  tliat  tbey  reach  the  lower  part  of  tlie  fnrnacu 
in  the  farm  of  coke. 

From  experiments  made  with  Tenbrink  furnaces  it  appears  that  from  60  to  8S  per 
cent,  of  the  heat  obtainable  from  the  coals  is  actually  transmitted  to  the  water  in  the 
boilers,  and  tliat  they  efTcctually  consume  their  on-n  smoke. 

The  first  cost  of  furnace*  on  this  principle  ia  said  to  be  considerable,  but  the 
■aving  they  effect  in  fuel  is  sufficient  to  counterbalance  the  extm  coat  in  a  compara- 
tively abort  space  of  time.  A.  B.  L. 


DIAMOND  BORINO  MACHINES. 

Der  Diaaaalbokrer  fir  rerticale  mid  horitontalu  Baimnffm.     Sy  Hfrb 

TRCKLSNeiTUQ.     Berg-  und  HiilevmSxnUvhe  Zeilung.  1883,  p.  Ifa. 

Tills  is  a  description  of  a  boring  macbiiie  nnwle  by  the  American  Diamond  Itock 

Boring  Company,  for  boring  vertical  and  buriuintal  holes  underground  to  a  depth  of 

250  nietrcs  (273-4  yards)  by  steam  or  compressed  air  aided  by  water  pressure.   Another 

machine  is  dcwribod  by  the  same  author  and  made  by  Che  same  Brm  as  above,  which 

is  more  handy  and  smaller  for  boring  boles  np  to  70  metres  (761  yarda)  in  depth. 

C.  Z.  B. 


MININO  IN  THE  ORIENTAL  DEL  URUGUAY  REPUBMC. 

SfrgmaHaiicAft  am  der  Repiblica   Oriental  del   Urugiaj/.     Sy  QebMAN  Avb 

LallEUAHT.     Berg-  Hud  HUllenrndnniBcke  Zeitung,  18S3,  pp.  203-2CH. 

Uuld  mining,  tlie  chief  miniTig:  itiduibrj  at  present  of  this  state,  in  deacrihed,  beddes 

load,  copper,  eilvur,  and  sine  mining,  toguUier  nitli  tlie  geulugical  featurea  of  the 

country,  and  description  of  some  of  the  existing  tnitifs,  with  their  respective  outputs. 

C.  Z.  B. 


THE  ANALYSIS  OF  EXPLOSIVES. 
Utber  dU  AnalgM  der  Sprrajiiojfe.  By  Ds.  W.  Uampb.  ZeiUehrift  J%r  dot 
Bers;  Hilfm-  und  Sali»e«-wtte»  t«  Pre«*fuehen  Siaaie.  Vol.  XXXI.  J?, 
pp.  107-133. 
Ordinary  dynamite  cnataias  25  per  cent,  of  infusorial  c&rtb  tor  absarplion,  which 
is  an  inexplnsive  and  incomhustible  matvriiil,  and  reduces  the  eiplosive  power  S7  per 
cent,  of  the  pure  trinitro-glyceriiie,  as  about  eight  parts  of  tlio  hitter  lire  used  in 
heating  the  infusoriil  earth  when  elplndinK-  Eiploaive  p^httiuu  consists  of  S  per  cent, 
of  gnncotton  and  92  per  cent,  of  triuitro-glycerine.  W*  exphaivo  power  is  not  mnch 
less  than  that  of  the  eiplosive  oil  When  the  latter  Is  represented  by  1,380  the  former 
is  1,350  (according  to  trials  with  TrauxI's  explosive  measarer).  Eipluaire  gulatiue  ia 
Rincli  to  be  preferred  to  dyiinniite  on  ai<coiiiit  of  its  gteat  aiiAy  in  transport,  storing, 
and  handling!  a  blow  of  3'E  kg.m.  (23'3  foot  lbs.)  will  not  explode  it.  and  when  slowly 
heated  explridea  at  204°  C,  (399-2°  F.).  and  when  quickly  heated,  at  2*0°  C.  (4W  F,), 
while  diatoniaeenns  dynamite  ciplodos  with  a  blow  of  1  bg.m.  (7*23  foot  lbs.),  and  an 
heating  to  ISO"  C.  (350°  V.)     The  conipositlon  of  gelatine  dynamite  is  as  follows  :— 


OKLATINB    DySAMlTB    (1). 


( 97B  per  cent,  nitro-glyeerine. 
I    S'3        „        coUodium  wool. 
(  TSfl  ]jer  cent,  saltpetre. 
\  2-10        „        c'lliitow. 


i9T'G  per  cent,  iiitro.glycerine. 
2-5       „       collodium  wotd. 
I  75-0  iier  cent,  saltpetre. 

65  per  cent,  mining  powder  ■]  24-0        „        cellulose. 

I    I-O        „        soda. 


t.  gelatinisKl  nltro-glyceritic 


The  author  divides  the  chemical  part  of  his  paper  into  two  divisions.  The  first 
deals  with  the  existing  methods  of  determining  the  nitrogen  in  nitn^en  eomponnd^ 
besides  the  experiments  conducted  at  the  Clausthal  Laboratory,  and  describes  a,  new- 
quantitative  analytical  method  of  determining  nitrogen.  The  second  deals  with  the 
ways  and  means  of  qaantitatively  analysing  and  dividing  the  diifereiit  nitn^n  oom- 
pouuds.  The  methods  of  Dumas,  Walter  Hempcl,  Beckerhinn,  Filip  Hess,  Champion, 
and  Pellet,  and  nitrometric  inetboda  containing  a  description  of  various  nitromelara, 
tngother  with  results  of  analyses  uf  saltpetre,  guupowder.gclatlne,  dynamite,  gnncotton, 
and  trinitro-glycerine,  arc  detailed  at  some  len^h  in  the  first  part  C.  Z.  B. 
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ON  WINDING  WITH  A  SHEAVE  INSTEAD  OF  A  DRUM. 

Unterauchungen  uher  die  Forderung  unit  Treihacheihe.  Bg  Hebb  Bauhann. 
Zeiischri/t  fur  das  Berg-,  Hutien-  und  Salinen-weten  im  Preuasiachen  Staate, 
Vol  XXXI.  B.,  pp.  173-186. 

Winding  by  a  sheave  was  first  introduced  by  Hen*  Kdpe  at  the  Hannover  Colliery 
(Westphalia),  and  consists  in  attaching  a  pulley  to  the  winding  engine,  instead  of 
drums  around  which  an  endless  rope  passes.  The  sheave  is  placed  directly  over  the 
shaft,  and  the  cages  either  serve  as  connecting  links  between  the  winding  rope  and  the 
counterbalance  rope,  or  there  is  only  one  rope  used,  which  passes  through  the  cages,  the 
cages  being  held  by  patent  caps. 

Let  P  represent  half  the  weight  of  the  rope  and  the  weight  of  the  empty  cage 
(inclusive  of  empty  tubs  or  trams),  and  Q  equal  half  the  weight  of  the  rope  and  the 
weight  of  the  cage  with  coal  and  tubs,  then  sheave  winding  can  only  be  possible  when 

Q  -  P  =  /t  (Q  +  P). 

In  order  to  determine  the  coefficient  of  friction  )ii,  the  author  made  a  number  of 
trials  upon  sheaves  whose  treads  wei'e  lined  with  oakwood,  leather,  or  cast  iron,  of 
which  the  following  table  is  an  analysis : — 


1 

WiRB  Rope. 

Trkad  of  Sheavb. 

No.  of 
Trials. 

/*  = 

1 

1 

Diameter. 

Material 

Diameter. 

Material. 

Mm. 

Ins. 

M. 

Ft. 

16 

0*63 

Steel  (old)     ... 

2-2 

7-2 

Oakwood       ...         

14 

0-303 

»♦ 

»» 

), 

41 

14-4 

»» 

79 

0-258 

18 

0-71 

„ 

» 

M 

>» 

66 

0-215 

20 

0-79 

Iron  (neve)    ... 
Iron  (old) 

f« 

»> 

)f 

21 

0-280 

n 

» 

»» 

it 

•  »                                       •• 

80 

0*246 

32 

1-26 

>i 

»» 

»» 

n 

32 

0-197 

^»            •  •  •                 ■  •  • 

292 

0-242 

16 

063 

Steel  (old)     ... 

3-2 

10-5 

Leather  ly i  ng  flat 

37 

0-277 

18 

0-71 

„ 

it 

» 

„ 

46 

0-244 

20 

0-79 

Iron  (new)    ... 

?» 

»> 

„ 

52 

0-253 

»^ 

»• 

Iron  (old) 

j» 

•» 

»» 

20 

0-230 

32 
16 

1-26 

„ 

»f 

»» 

»» 

52 

0-234 

207 

0-248 

0-63 

Steel  (old)     ... 

32 

10-5 

Leather  lying  edgeways      . . . 

19 

0-281 

18 

0-71 

1* 

f* 

>» 

♦» 

14 

0-267 

20 

0-79 

Iron  Tnew)    ... 
Iron  (old) 

>♦ 

)» 

„ 

15 

0-269 

9* 

»» 

♦» 

>» 

„ 

24 

0228 

32 

1-26 

*,            ..  • 

» 

>» 

»» 

Kj       ... 

17 

0248 

89 

0256 

15 

0-59 

Iron  (old) 

1-6 

5-25 

Cast  iron       

99 

0-227 

21 

0-83 

»» 

»♦ 

>« 

,4                                      a*.                         •••                         .■• 

50 

0-209 

26 

102 

Steel  (old)     ... 

»» 

n 

,,                                      ...                         ...                         ... 

M^                ...                           ... 

129 

0-182 

278 

0-203 

Average  0 

>f  all  trials 

866 

0-232 

Ill 

TLe  friction  of  tkc  rope  on  oat  iron  is  the  l«ut.  upon  unod  greatur.  And  u  little 
greater  oii  Icatlier,  especinll;  wlicn  Uid  edgewaya.  Tlic  Do-efflf^it^nt  ;i  dccrv«ses  ttitli  tn 
increafiiig  diun^ter  of  tlic  rope  (probably  the  thinner  ropes  ninkc  a  deeper  impreanmi 
on  tlic  tread)  and  'by  an  iucmuing  load  (the  influence  of  the  rigidity  of  the  rope  ia  leu 
by  imall  hiad^). 

Wlien  tlie  trials  followed  ijuickl;  upon  one  another  Ibe  rcnstnnee  to  friction  de- 
ereowd,  while  aftor  grcnsinx  and  panae*  it  incrifued. 

Ill  autuat  pruetice  the  circauwUiiee*  can  not  be  m>  (iiifavoumlilc  as  purjioiu'l]-  inndo 
in  tlie  trials,  and  tlie  following  fignrcs  can  bo  taken  aa  a  ba»i>  :— 

Wire  rnjic  npon  cast  iron  ...         ...         ■  -     a     "     O'SI} 

™kHiM«l                                   -     n     =     0'3t 
leather  /<      =      O'SS 

Tlte  author  doJnces  fonnulu'  for  the  finding,  (lat)  the  gre«test  nupfnl  load  posMble 
to  wind  under  the  existing  circmnstamjoK  i  (Snd)  bow  heavj'  for  certiiin  loads  a  rope 
inast  lie,  co  that  all  d&nger  from  dipgnng  when  winding  I«  avoided ;  and  a  uuiaber  of 
tabUs  are  git'en.  siiowing  the  least  depth  at  which  windings  are  posaibte  with  different 
lined  sheaves  and  under  rarying  weight  of  ropes  and  mtia  of  net  to  gross  loads. 

The  tables  and  calenlations  show  that  when  tlie  ratio  of  the  dead  load  to  the  asefnl 
load  is  IS  (tlic  itveragc  ratio),  a  sufficient  resistance  to  friction  can  be  obtained  for 
winding  at  all  depths  when  the  rope  only  covers  one-half  the  circumference  of  a  lined 
shisve.  and  five-fourths  of  a  cast  iron  shoavc.  The  increowd  suiface  of  friction  can  be 
obtained  by  tlie  use  of  rollers. 

A  brake  Is  reconiiDeiidcd  to  be  used  when  men  are  raised,  which  sboold  act  in  the 
shcavo  through  the  uiediiini  of  the  rope.  Flat  ropes  would  be  preferable  to  round  ropea 
witb  respect  to  greater  breaking  snrfaee,  and  also  as  a  counterbalance,  for  they  h»ve 
not  the  tendency  to  twist  and  throw  themselres  into  loops  that  round  ropes  possess. 

By  adopting  an  endless  rope  which  passes  through  the  cages  a  winding  can  bo 
carried  on  at  different  levels,  by  shifting  the  cages  on  the  ro]ies,  and  tbo  rope  can  be 
better  economised  bj  shifting  it  as  it  wears. 

A  sticking  of  the  cage  in  tlie  shaft,  or  an  over  winding,  will  not  be  so  injnrions  to 
the  rope  with  a  sheave  as  with  a  dram,  for  in  the  former  case  the  rope  will  slip  on  the 
sbenvc.  V.  Z.  B. 


THE  ORIGIN  OF  THE  VEINS  (SULPHIDES). 
Zhf  EnliUhKng  ron  SFigSapeH.  Bg  Dh.  Fi.EITMA-'f'i.  Oftlfrreiciinche  Zriliehrift 
fur  Berg-  uad  EitUaKtMn,  1883,  Fatt  B.p.  123, 
The  antbar  de.Hcribes  hon-  a  brick-built  dung-heap  had  been  kept  water-tight  by 
lining  it  irith  pnre  red  clay  1  metre  thick  all  round.  Tliis  waa  tu  htnderthe  raju  from 
wa.<iliiug  through,  and  to  prevent  as  much  as  possible  spontanonns  combastion,  by  pre- 
venting the  water  used  in  cooling  it  from  flowing  away.  After  two  years  the  clay 
fuled  and  the  mannre  was  removed.  On  taking  the  clay  out  it  was  found  that  the 
whole  had  turned  white,  also  that  tbe  clay  had  become  set  with  innumerable  Ussure* 
varying  from  1  to  5  millimetres  in  nidtli,  which  were  entirely  filled  witb  qnite  eompaet 
iron  pyrites.  The  »esc]uloxide  of  iriui  in  the  clay,  by  means  of  the  hydrnsidphate  n( 
ammonia  in  the  dung,  bad  been  turned  into  iron  pyrites,  and  this  hod,  in  consequence 
of  molecular  attraction,  set  itself  in  strings  of  veins  in  the  day. 

C.  Z.  B. 
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TEMPERATL'BE  OF  STRATA. 

Dai  Wnchiea  di-r  Tempera/Hr  mit  ZaneKmender  Tiife.      WocheHickeiJ 
Deataehrr  I»ge»ienre,  18S3,  p.  62. 
Tiic  ileep«9t  shaft  \a  tha  World,  the  Adslhert  Sliaf t,  near  I'KJliniiii.lu 
with  regard  to  tcnipcwture  of  the  rwlt  niiil  olr  resijectively  ni  fnllows  :- 


190-B  =  625-34 

2863  -  939-32 

3957  =  1298-35 

505-5  =  1658-40 

6814  =  1907-51 

fi99-8  -  2296-97 

775-2  -  25M-35 

880-2  -  2917-37 

1000-0  -  3280-91 


10-8     =     61-6 


180     =     G4-4 


11-6  -  63-4 

13-9  -  67 

15-2  =  69-3 

18-6  -  61-9 


EXPRRTMEN'TS  MAI»K  WITH  KXPLOSIVES  USED  IN  MISIXO. 
UnlertucAinff   roii    Spreugmaterialiiru  Jur  Bergbauzwecke.      Bg  Du.   Ki.osK.     Zeit- 
tchriftfir  da>  Berg-,  HvHeu-  uml  Salil^fH.ue^l!n  I'nt  Preuif'icieH  Utaatr.     ral. 
ZXXI.  B.  pp.  91-105. 

The  fiscal  cnllierieB  in  Sa&rbriickcn  used,  in  the  jesr  1881-82,  687.467  kilugnmmcs 
(S73-M  tons)  of  gunpowder,  and  15,701  kili^rainniM  (15-45  tom)  of  djiuuiitc  having 
a  total  value  of  £27,259.  Anaming  tlmt  tlio  rest  of  the  l-ooI  diatricti  uae  a  pmpor- 
tional  amonnt  i>f  cxplosivet),  then  the  collieriM  of  Pmsaia  will  Lave  cunsamtid,  in  1881, 
£225,000  wortii  uf  ex}il(i»ivc!i. 

Fitiol  Trial. — One  of  the  eonditions  is  that  the  {wwdcr  must  be  iiiide  «'ith  [lurc 
nitrate  of  potanh,  iniMt  contitiii  ut  leant  70  per  cent,  of  witpetre.  and  not  more  than 
1  per  cent,  of  chlorate  of  jwtAsh.  It  uiiiat  be  perfectly  dr;,  and  muat  not  wil  the 
hands.  The  power  must  bo  equal  tn  18°  or  20°,  Tbia  luu  reference  to  an  instrument 
called  a  pistol,  whieh  lias  attaclicd  to  it  a  crucible  for  holding  a  auiall  fixed  quantitf  of 
puvder,  the  lid  of  which  is  attached  to  a  lever  which  moves  a  toothed  wheel.  Qn  firing 
the  jMiwder,  the  wheel  is  turned  according  to  the  alrength  of  the  |>owdvr  memured  in 
degrees  of  rotation  of  the  wheel.  On  account  of  the  fp-eat  diffiToticc  of  wciglit  of  equal 
qaautities  of  powder,  owing  to  different  aizes  of  the  grain,  this  mode  of  trial  liaa  been 
dispensed  with  in  favour  of  other  trials. 

Sod  rria(.— This  is  a  similar  apparatns,  but  instead  of  a  w-lieel  the  cover  of  the 
crociblc  has  a  rod  attached,  sliding  ripou  guides,  upon  which  the  height  can  be  iniasnred 
to  which  the  cover  with  rod  is  thrown  when  the  piiwdor  U  exploded.  Tliis  instruiuent 
was  improved  by  replacing  the  crucible  and  hd  by  a  cylinder  and  piston,  for  in  tha 
former  case  only  part  of  the  (wnder  had  effect  ou  the  lid.  the  real  bnmt  away  when  the 
cover  was  raised.  In  a  table  giveii  by  the  author,  compressed  powder  being  taken  at 
IG'3  (the  aqnare  root  of  the  height  the  powder  thmws  the  piston  with  rod),  coarse 
grained  powder  was  13'S.  mixed  grained  powder  13-3,  and  fine  graiuid  131. 

Ltai  Cj/Hnder  Triatt. — In  this  case  the  enlargement  of  a  space  in  the  lead 
cylinder,  by  the  B»p1o«ion  in  it  of  powder,  is  the  measureof  the  strungtli  of  the  powder. 
A  section  of  the  cylinder  after  ciploaion  shows  the  force  oE  the  explosive.    Com- 


li 

pre«ed  powder  (nnt  reallj  compresiiod,  for  it*  ipcciflc  gravity  vna  rnther  Ian  ttnn 
that  of  ordinnrj  powder}  gave  good  results  in  tlie  liiad  i^jlinder  trials,  llie  lead  trials 
proved  tliut  blaatiiig  witti  a  spux  U  not  bo  eSicauiiinB  a»  vhen  ttie  powder  filla  tightly 
tlie  apocD  aHowed  it.  Tliia  la  ratLer  important,  as  tbe  cBtct  of  an  sir  ciuliioa  luu 
played  (or  some  time  last  an  important  part  in  tlie  practioc  of  bUaling. 

The  Speeijie  and  Cubic  WeighU  of  Poader. — For  the  determining  of  tliew 
quantitica  an  apparatns,  denied  hy  Major  Bode,  described  in  the  text,  was  Used, 
ilvo  triaU  of  one  gnnpondcr  gave  a  specific  gravity  of  1'6090,  1-6090,  l-fi090,  l-filUS, 
1'6I06 :  four  triolH  rf  auother  gave  1-G870, 168602, 1-6SG2B,  1-6870.  Tlie  granuUUn^ 
and  piiliBliing  of  powder  linn  an  elfect  n]H>u  ita  ipecitlc  gravity,  for  the  sur^e  it 
made  denser.  C'uarse  gTBincd  powder  had  a  speciSc  gravity  of  l-a990,  mixed  grained 
1'6093,  and  fine  grained  1'6312,  the  poirder  being  nf  the  game  compmiti'in  in  eauh 
caac.  Tlio  cubical  weight  depends  apon  the  speciRa  weight  and  the  size  of  the  grain, 
and  is  of  interent  to  the  miner,  for  he  goneratly  measures,  and  not  weiglu,  hU  rcquiute 
quantity.    The  following  tAblc  gives  values  for  dlfferout  powders  : — 


No, 

FairdH  Uh<L 

w,- 

(«1  mb.  inm.) 

^K 

(^U'tEnlni. 

=  A  OUb!^B. 

?KSSL 

^SllS. 

^ 

SLIngbert        

V.lt.W.P.F.K.B.,  Ko.  1 

16188 

109 

14fi 

100 

100 

100 

1'1S99 

97-8 

224 

f>3 

89 

158 

V.R.W.P.F..NO.  17     .. 

16871 

107-3 

163 

104 

98 

112 

KSnigswie«.n 

1-6181 

100-2 

187 

94 

92 

129 

Bout,  coarre  grained   .. 

1-5990 

lOl'i 

138 

98 

96 

95 

l'li093 

I11'6 

147 

gg 

102 

101 

1-6312 

106-2 

176 

101 

97 

120 

K 

Cowpreftaed  jiowder 

i-5za6 

lM-8 

260 

04 

133 

172 

Dj/naaiite, — The  power  nf  tlie  eiplosive  can  be  easily  determined  by  Vou  Trauzl's 
plan.    TliB  following  table  represents  tl 


■e  power  of  dyiia 


— 

Ctpultr  of  Lad  OrUndaT.                     1 

Bcfan 

AfWiEiiiJ™™                    1 

Trial  1. 

Triaja, 

Trials. 

Nan. 

Dyimniitc  No.  1, 

old       

Dynamite  No.  2, 

Dynamite  No.  3, 

cartridge       ... 
Explosive  geUtine 
Nitro.glycerine... 

[  75  Nitro-glyccrine      1 
125Diatomiie'usearth( 

)  60  Explosive  gelatine  1 
)  40  Mining  powder      ( 
1 75  Explosive  gelatine! 
125  Mining  powder       ( 
I  25  Kitro-glycorine      | 
)  75  Mining  |iowder      ( 
1 15  Nitro-gljeerine      I 
1  65  Mining  powder      ( 

C  Cm.  O.I 
60-3-05 
60       .„ 
50       ... 
50       ... 
50       ... 
50 
60       ... 

980 
1.200 

930 
700 
590 
1,600 
1,790 

O.Cm. 
92U 

1,200 
950 
740 
660 

1.550 

1,760 

960 
1,260 
970 
720 
690 
1,500 
1,790 

963-S6 
U17    74i 
950    68 
720    4* 

577    36 
1.517    92i 
1,777  108} 

CompariBona  of  fa 
nimle  willi  Inid  cyliiid 


cv  of  dynamite  and  gnniwwder 
ti'ials.  r,.r  liy  lliciii  the  pn^s^nre 


niiot  be  relied  u]ioli  wbeu 
listevn  tinii;N  stiviiiger  Ihail 


IS 

tbe  Httcr.  »  Teinlt  which  lines  not  »grno  witli  piperieuce.  The  aliapo  of  the  lead 
cylinder  aHer  ctpl<isir>rL  nitli  dj'naiiiite  diffc^rs  friiui  the  slinpe  nftcr  ciplrminti  with 
powder;  tile  fonnor  eiibirgestlie  space  at  the  bntlmn.  tile  lattur  in  tlie  middle.  Figures 
of  llie  sjiaceo  are  iti  the  tuxt.  Triais  made  with  itciiiniiiigi  of  water  and  xaiid  tliow 
tliDin  to  be  nf  eqnal  value. 

SarHl  £ime.— CDin]iBrisuiis  were  nmdo  with  jiowdur  and  lime  with  the  lead  cjlin- 
dere.  Tlie  limu  was  proeured  from  two  di»tTict«,  powdered  and  iininediatulj  pruued  bjr 
a  pressure  of  35i  tinis. 

Oil  aeciiimt  of  the  Mrtrid(,'C8  swcUiug  directly  tliej  were  taken  from  thy  |ntiw  tliuj 
were  iuimediatel]'  pnt  into  thu  lead  cylinder  without  having  time  for  weighing. 
Tba  BUuliDi  ChBmbo 
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In  mild  soft  coal  this  form  cif  bhuting  mny  bo  possible,  but  certainly  not  with  the 
Saarhrucken  coal.  Incrca^ied  dhunetcr  of  boreholes,  difficulty  of  manufacture  of 
cartridges  wid  transport  of  the  same,  and  the  difficnlty  of  pumping  effectoally  the 
water  into  lime  are  obataclcs  which  arc  not  conducive  to  \t»  Runcral  or  even  purtial 
introdactiaii.  C.  Z.  B. 


TUK  SUEKAHUEMI  fUAL-KIKLU. 
OndertorkUgea  im  htt  kolenlerrein  bij  Soetaboemi.  etc.    By  J.  A.  UoozB.    Jaai^oek 
vail  hel  M'jinBaeH  <h  Hederlandick   Ooit-I»di',  11'"  Jaergang,  1S82,  Pari  /., 
pp.  1-73.  toilh  JiiMixg  Map  and  out  Plate. 
Tiic  coal-Held  reported  upon  in  this  memoir  is  ahont  1 10  sqnaru  kilumeti'es  in  area, 
and  lies  in  tliu  northern  portion  of  tlui  Tjiiunhi  district  of  tha  Soekabucmi  provitioc,  in 
the  Government  of  Pre»D|f.  due  aoath  of  Mount  Panderango.    It  ia  now  provided  with 
a  railway,  and  is  likely  to  become  commercially  important     Tho  coal  occurs  in  rooks 
of  Eocene  age,  which  are,  in  that  part  of  Java,  beut  intu  a  few  great  lyucUual  and  anti- 
clinal folds,  thus  bringing  the  itcania  wveral  times  to  thu  surface.    Tliese  rocki  arc 
chiefly  i|uartatse  sandstoiiua.     Mnch  more  detailed  information  is  given  iii  this  jiapcr 
respcctiug  the  nature  of  the  coal-scauis  than  in  the  earlier  one  hy  Huucexin  (see 
Trans.  N.  Engl.  M in.  lust.  Vol.  XXXII..  AUtr..  p.3),a  Uhle  of  eoinparative  aiutlyses, 
showing  the  invbabte  relative  valae  of  the  cuaU,  being  of  apct-ial  iuiporttuice.    Tlie 
following  gives  thu  average  composition  of  the  Sockairaemi  coals : — 


Hydrogen 

Oxygen  and  nitrof^n 

Sulphur        

Wator  

Ash  


7i-aj 


MINERAL  HESOUBCES  OK  N.E,  SICILY. 

Bnri  eenmialla  yeolor/ia  Mia  parU  N.E.  Mia  Sieilta.    fly  E.  CoRTEHE.     BallefHne 
del  S.  Comlfato  groloffico  cTIIalia.   Vol.   Xltl.,  1882,  pp.  105-137,  161-189, 
308-357,  wllh  folding  Plate  of  Stclioiu  fPlate  nil  J 
The  gcolutncal  division*  reco^iiiwid  in  tliU  regiuti  b;  th  >  uitthiir  ai'c  (in  lucciiiliiig 

1. — Arahaaa  or  Pre-Cambnait  ([nciuei,  wirawcliisU,  and  granites. 

2.— Silurian  (?}  Iiutroua  and  ntcaceniii  wliista  with  anhnrdinmlc  Erj-stultine  or 

dolomitic  limcstflne*.     Some  g^nitea  arc  aim  referred  to  thii  a^'. 
S.—Permiaa  (?)  ijiwrtiitfla,  Bcliiat*,  grits,  coiigluinaratcn,  and  brown  Uineitono*. 
■i.— Trial  in  three  fuUf-dereIo]>od  g™ui»,  cliiellj  colearcons.  wltli  ismgliiinerotra 

and  grita  at  the  Iiase  rjf  the  Middle  or  Mutchelknik  diTiniuii. 
5. — lafraliat  tiiiit»tone.t. 

e.— iia«,  Lower,  Middle,  and  Upper,  chipfly  calcareona. 
l.—  OoUlet,  Lower  {Dagger)  liniEStotlCs,  iHid  Ujiper  {Titkonian),  nlan  calciireoiis. 

The  Middle  Oo1it«s  arc  abwtnt. 
8- — Crelaeeoni,  Midillo  (  Ceaomaaiaii)  oUcareous  maris  aloiie  present. 
S. — Soeeni,  Lnwer  with  namniulitic  limestones,  cn;isIoinerati»  of  old  nirki,  clayi, 

and  sand);  Middla  cla^s  and  marls;  Upper  or  Alharete  limestone. 
\Q.—Mioce»e,  Lower  (  TougHaH  ?)  clajs  and  suDds ;  Middle  (Slcesian  ?)  ealnr«oiu 
sandHt^nea   and  earalline  limostonos;   Upper   {Sai-maiioH  and   TorloiHali) 
conglomerate!,  sands,  clajs  Molrutt,  eatuarinc  and  locuatrine  beds,  Tripoli. 
11. — P/i'ocese,  Iiower  (2a  iir(faB?)clajH,  siliceous  and  other  limeBtonoajforaininiTeroaB 
marls,  solphnr  beds,  and  calcareoua  sands;  Upjier  {Attia»)  saiidi,  Gonlline 
liinestones.  eti". 
12.— Qho ternary  olluvin. 
13.— ffnwM(allnviii. 

The  naeful  rocka  and  oiititrala  in  the  abcive  aerica.  and  occnrring  in  Ihc  l*roiince  of 
Henina,  are  distributed  as  follows; — 

Marbles  and  Building  itonet,  whether  calcareous  or  ulicenns,  uei'ur   in  all  the 

divisions,  and  oniunental  graniiet  in  1  mid  2. 
Ctag»  m  fi>r  Jittery  and  other  purposes  in  Nob.  1.  2, 1).  10. 11,  niid  13. 
Onndttanei  in  2,  3.  4.  D,  10.  and  13, 

Sulphur  at  the  haso  of  11  or  more  exnetlv  lustueen  10  and  11. 
Lignilt  ill  10. 
Silapiinoiit  sAalei  in  9. 

QnUna,  aalimong  oret,  popper  oret,  tidrrite,  graphite,  and  garnelt,  in  3. 
Lastly,  Mineral  maleri  of  i-arioiu  kinds  are  known  in  1,  S,  3. 12,  and  13. 

G.  A.  L. 


UEOLOdY  OF  THK  NEWCASTLE  COALKIELU. 

Hole  mr  lageologie  dv  6aiiin  hoailter  de  Hetccaitle.  By  A.  Sovbkiiun.  Aunalet 
del  Miaei,  BM  Sene»,  Vol.  I.,  1BH2.  pp.  409-448,  Plata  Vl.  and  {in  part)  VU. 
A  compact  and  arknowledgvd  coinpilntion  of  the  cliief  facta  relating  totlie  geological 
stTiictnre  of  the  Qrvat  Northern  Conl-fleld,  from  the  norks  of  Hull,  Lubour,  Bamsajt, 
Simpaon,  and  others,  and  from  iiemmal  obscrvBtioii.  Profeaaor  Hull's  map  of  the  enaU 
field  is  reprudnced  in  Plate  VI.,  and  Mr.  J,  U.  iJimpMU's  sections  arc  given  on  ■  reduced 
scale  in  Plate  VII.    Tliedetailsas  to  the  Coal-seams  of  tlieCmd-McaaTircRHiidBcmirian 


acrieg  ure  Miow  priljliHlicd  li,v  ProfwBor  Irfljour  in  187S.  With  rc^rtl  to  the  amoiitit  of 
workabk-  coal  beiiunlli  the  lea  tlie  author  belitvcs  the  esliinsto  mndo  bjf  Mr.  Oreeiiwcll 
tn  he  t«fl  grcnt.  and  makes  the  following;  ubscrvationa:— "  When  the  coat  bad  been  won, 
and  the  Kiof  had  fallen  nrer  to  great  an  urea,  f  mcturea  wonld  he  prodoced  thronRh  wLicli 
tlio  sea  would  penetrate  nitli  itiooneeivablc  violence."  He  then  dtta  the  Workington 
accident  ns  a  case  in  iwint.  He  wuuld,  thcrefure.  reatrict  the  jiosrible  area  (if  poBBihlc 
Cnnl-gctliiiK  bcneutlitbe  sea  lu  4  or  6  kiloiuetreg  from  the  shun!,  uid  gives  the  (Dlluwing- 
UB  tlie  Horkahle  aria  of  the  entire  coaifiehl,  in  «iu»ru  kilometrea: — 


Area  of  the  elpnsed  Cosl. Measures  

Area  of  Coal-Meosurea  coneealed  b;  Permian  rocka 
Workable  area  of  Cual-Meaaures  beneath  the  sea 


1,150 


STRONTIAXITE  MINES  OF  DREN'.STEIKFUET. 

fleiehrei&unff  dei  Slronlianii-rorltomiitim  in  dtr  Oegeud  coo  Drnulein/iirt,  toun'e 
det  dwKlbit  belriehnt*  Hrrgbami.  Bg  PAt'L  Menzbl.  JahrhttcK  der  Kdnig- 
Uch  Pniuiitchen  gcotogiichen  Landetanlall  uitd  Sergakadeinle  m  Berlin  f6r 
ISai.     Pari  2,pp.  125-143,  tmo  figure*  I'n  text. 

Tliia  paper  is  in  three  parts.  The  first  gives  a  sketch  of  the  f^lucif  of  the  cootitry 
round  Drenstcinfiirt,  the  second  describes  the  strontinnitc  vciin,  and  the  hut  refers  to 
the  mode  of  working  the  dcpouts  and  their  commercial  rallie. 

The  dintrict  is  composed  at  Cretaceons  rocks,  and  the  veins  of  atnuitiauite  occur  in 
the  lo-called  MMlcTonalenireide,  or,  in  oilier  words,  in  the  Clialk  zone  cliaracterized  b; 
Belmm'lri  mucronatv.  These  beds  lie  flat,  and  the  veins,  which  do  uot  appear  to  be 
also  faults,  hade  from  10"  to  20°.  and  run,  some  in  a  N.X.R.  and  S.S.W.  direction, 
others  E.E  N.  and  W.W.S.  The  chief  groups  uf  veins  are  those  (1)  of  Urensloinfurt. 
(2)  thoao  between  Riukeroddu  and  Ascheberg,  (3}  of  Albcrsloe,  and  (4)  of  Ahlon. 
Some  of  the  rcltis  are  known  along  a  louglh  of  '1.500  metres,  aud  their  average  breadth 
is  about  30  centimetres,  with  a  ma^iimuia  of  2'6  metres.  StrontianiCe  is  the  chief 
materinl  of  the  veins,  bot  calcite,  nuxrl,  and  iron  pjritos  are  found  aseociated  with  it, 
the  ealcspAT  forming  the  ordinar;  sclvogea. 

Two  analjsea  of  the  strontisnitP,  hj  H.  REDlcniR,  give  the  following  resnlts : — 


SrCO. 
CnCO, 
Pe.O, 
H.O 


Tlie  age  of  the  veins  is  shown  to  lie  Tertiary,  or,  at  leaat,  Pre.Quatoniarj.  They 
have  been  Wiirkcd  since  1830,  hut  on  a  coiuparutivclj-  Urge  scala  ordy  hince  1874. 
Tliere  are  now  a  nunihcr  of  small  shafts  whenco  levels  are  driven  to  the  veins  in  the 
ordinary  way.    The  Bernhardt  shaft,  which  is  flgrnred  as  an  example,  ia  24  metres  deep. 

The  strontiauite  is  sold  almost  cxclasivcly  for  use  in  augar  rcHnerv  a 
price  of  from  6  to  10  marka  (—  flhilliufra)  per  centner. 


(lOLI)  IN   FIIKNCH  GUVANA. 

Nofe  mr  If  ffiifmeHt  el  VtrplMlalion  lie  For  A  la  Osj/itne  franca  lit.      By  —  Flobt. 
Annalrf  da  JfiMM,  sa  Striea,  rot.  I.,  pp.  1BS2,  4C3-186. 

Gold  was  lirdt  Uiacovered  in  Gnyftna  b;  a  Braiilian  IdiIuui,  luuned  Psoli,  in  1853,  I 
□II  tliu  baiikH  of  the  Ajiprnsgua  Itirer.     SiiiiHi  tlicn  it  Ku  Iwen  fuuiiil  in  drift  aoc 
RllaviKl  depusiU  in  h  nuiiiber  uf  ullier  river-vnlli.-)')!.    The  imiiludidu  in  kilograuiiim  ic 
the  different  river-bwiiu  U  thiu  given  !^ 


inr. 


1879. 


»n. 


Manmi       

I03,[«68 

111,077 

62311 

10.307 

Ojapoclc     

lfi,563 

21,&U 

17,801 

14.840 

ApprouHgue  (Apprna^m) 

313,362 

861,723 

225,553 

149,281 

R«Qm(Rum)       

161,848 

143,449 

190,010 

145,408 

Kour<iu(KanO     

0,476 

0,763 

5,273 

4,630 

SinuimEry             

760,869 

742,288 

714,058 

T8e.22fi 

M»ii»          

258,B9g 

435,«13 

965,«3 

758,807 

Tlie  sarifcrous  beds  conwst  in  ikSl  casei  of  gravels,  bita  of  qqarti  often  "  rorinoai,"  I 

ftnd  f  nt|;incnta  of  diven  rncki  and  niiiierali  cemenbtd  in  a  reddiali  cla;cj  matrii.     Thej  J 

genendl;  lie  tipaii  a.  tliiu  blue  clay,  niiiub  itself  rests  upon  a  niiiversallj  distributed  1 

Euiiglumcmte  liiciill;  knuwii  as  rocAe  n  ravtii.    Althougb  tbc  ijoartl  is  often  qniM  1 

Biigiibir,  it  liu>,  uiiparontly,  not  yet  been  in  any  case  tmeed  to  tlie  parent  reefs  which  I 

doubtless  occur  in  the  luonnteins.     Tlic  svssona  greatly  Iiiflueuee  llie  goM  digging  I 

Tliese  aro  at  tlitir  best  at  Ihe  close  of  the  rainy  seawin,  at  tlitir  worst  at  the  close  d  ' 
tlie  dry  seasnii  and  during  tlie  rainjt.                                                                 G.  A.  L. 


METALLIFEROUS  PRODUCTS  OF  ML'RCIA  (SPAIN). 

ifoU  rar  la  rilBulion  de  rindtutrie  miniirB  dam  la  product  de  Xnreir.  Satroeit 
from  a  French  Connlar  Sepor/,  Aiioalft  dtt  Mint;  SIk  Seritt,  Vel  I.,  ISSS, 
pp.  6S3-590. 

For  mining  purposes  the  Prnviuce  (if  Mnrciu  is  divided  lute  two  diatricta.  that  of 
Cartbogena  and  that  of  Mazsrron.  In  tlic  formcir,  ores  of  lead,  line,  and  iron,  arw 
worked.  Lead  ore  occurs  in  veins,  finta,  lenticular  masses,  and  aji  irregnlar  deposits, 
andin  1878  was  n-orked  to  the  extent  of  160jX)0  tons.  In  the  following  years  rather 
less  has  been  got— from  120^00  to  130,000  tona  per  annnm.  Deposits  of  blendo  and  , 
calamine  were  largely  worked  ten  or  twelve  years  ago,  but  lave  gmduolly  lieen 
ftbaudoned.  Manganesiferoua  iron  ores  arc  widely  distributed,  and  occur  in  abondant  ' 
masses  near  tbc  aurface.  It  is  tbcrfore  easily  and  chea|)ly  won,  and  tbc  production  ia 
lar^,  averaging  from  S0O,D00  te  600,000  tons  per  annum  from  1879  to  1S81.  Tlua 
ore  contains  as  a  mean  16  to  18  jier  cent,  of  manganese,  and  30  to  36  per  c^at.  of  Iron. 
Non-inangauesiferona  iron  ore  is  also  foniid,  but  in  much  smaller  qnantities,  the  ftvcrage 
yield  being  about  150.000  («[ib  per  annum. 

Argentiferous  galena  ia  tlie  chief  mineral  product  uf  the  Maiarron  district,  wher«  it 
occnrs  chieHj  in  rerj  regular  veins.     This  leud-field  is  stated  t«  he  in  its  iuBuiry,  a 
promises  to  became,  in  the  near  future,  richer  than  that  of  Carthagciia.    In  1881  t 
production  was  more  than  30,000  tons.  Q.  A,  L. 


TlIK  fOALUKAHlXn   HEDS  OF  THK  N'OltTHKRN   HAH/.. 
.•<f,Utoilfii-/aXrri'<ieii  SehiMep  hri  BalleatUdl  am  Hirilldchea  Uarcrandt.     Bg 
L'H.K.  Wkfss.     Jahrhuchder  Ko^iglirh  PnvttiickntgtologhchtnLaailaaHttaU 
KHd  Sergataiirmie  :h    Berlin  Jir  1881.  Pari    I.  pp.  595-603.       Tiro  figUTtt 


Tlic  oldtHt  rocks,  forming  ■  marginal  lone  maiid  tlie  Korx,  are  tlie  Lower  I'cnuiaii 
(ltatlillegciitli>).  aud  certiuii  ciial-be&ring  IhkIs  vrliicli  occur  on  tlio  «(iutli  lu  well  u  on 
tlio  northern  flwik  of  tho  iiin(i»i/.  The  Utter,  wliirii  ure  Urse  itcvelopcd  nUmt  IlcfeUl, 
wvru  f^riDi-'rl;  r^pirded  as  of  Ciwl-Hcuure  (gc,  tint  niorv  rccentlj  tlic;  have  been 
rcferrul  to  tUu  loveat  piirliau  nf  the  RothUrgcnde  b;  the  officors  uf  tliv  Prussian 
Ocologleal  Siirvvj'.  Tbu  qiieiliDn  of  the  n:Iation  between  these  botli  and  tliatui  at 
MeiMlnrf  aod  Oppcrode,  near  Ballen»tcdt,  ou  tho  north  side  of  the  uiouiitnitii,  and  also 
with  thuBi!  at  (irillenbcrg  on  the  soutli  (ide,  then  arlioii.  These  iwinu  ure  fully  dis- 
cuMed  \\\  tlie  )ireseat  paper,  the  nntlior  reljing  chicHj  on  evidence  derived  from  tlie 
fo«il  plaiitti  occ'irriiig  in  the  utrats  in  quetitiim.  The  coneliision  arrived  at  is  that 
in  the  Ballenitedt  distriet  tliwe  beds  liclonfc  to  l!ip  Rotliliefcenile  and  not  to  the  Upper 
Cnal-UeniinrcB. 

Tile  workable  seiuus  mentioned  are  only  one  of  true  cm!  B  to  8  decimetres  thick, 
and  ano  of  nUty  enal  8  to  10  decimetres  thick.  Tliese  dcixiiits  are  associated  with 
Bhales  and  snndntones  nf  the  ntdlnary  Coal-Measnre  type,  with  some  impure  chertj 
litnes[i>ii& 

Fignres  <A  two  nc*  ipecira  of  plants  are  pven.  Tit: — Callipttrit  ealadrom/i,  and 
Splkmoplrrit  Lotwni.    All  tlie  ipccics  found  In  the  nd((hbourhood  of  Baltenstedt  are 
Ihui  tabulateil: — 
SigiUaria  Brnrdi  .  known  in  the  Upjier  CouI-MeasureH  and  m  the  Rothliegende. 

Sigilkrian  leave*  .,  „  „  „  (?) 

Sigitlarioiitrehu'  ...  .,  „  ,.  „  (?) 

Ailrropiglli/fi  rguiieti/ormtM    „  ,.  .,  „  ., 

Maerotlaeiia  sp.  ...  ,>  „  „  

Pecoplerit  arhormemt.,,  „  „  „  „  „ 

P.ahhrerlain „  „  „  ,.  „ 

P.  oreopleridia     .          ...             „                   „                   ,,  „  „ 

SpieHOplr.riw  germaniea        — — „  „ 

Sph.  Loiifiii        ..         ...       — ■ 

CaU'pterit  ealadroma ..        „  „ 

Prom  this  list  it  sppc&rs  that  out  of  twelve  form*  Ave  are  known  to  be  common  to 
the  Coal-Heunrus  and  Rothliegondc,  two  mag  be  common  to  bntl),  one  had  bitherlo 
been  found  in  the  C'lal-MMsiires  only,  thcnt  arc  two  lti>tliUc^cndL-  >|icoieA  only,  and  one 
lias,  so  far,  onlj  been  found  i.i  the  Ballenatedt  beds. 

G.  A.  L. 


KAADE>f-KOMOTAU  TEKTIAKT  BRDS  (BonEMIA). 

Die  lirliam   AMagtrungtn    in    der    Umpebuag    roit    Kaadm-Konotau    mid   Saitt. 

H.  Brckkh.    Jakrivci  der  KaUrrlieh-KOa'gtifkm  geologiiehrn  Beiniianrlalt, 

rol.  XXX IL,  18H2,yp.  tftB-SSfi.     Two  I'M  ft. 

Describen  the  o<vnrr«nce  of  the  seven  inemben  into  which  the  autlior  divides  the 

deposits,  and  give;  mnunremonts   of  the   tliicknesi   of  the  beds   composing  Kns.  3 

Wid  S  (from  the  enrface),  which  contain  iiamcniua  coul-seamii  up  to  8'35  metras  thick. 

Q.  B.  L. 


(i()I,I)  KEEF  WOHKINO  IN  WEST  BORNEO. 

(1)  Ot'tenorirau  go«da<lrrthij  f^oei-Tiift.  By  C.  J.  V*N3pnKt,r,K.  Jaarboi-t  paw 
iel  M'juaeiKn  tn  XeierlasHtcli  Ooil-litdi',  12^  Jaargang,  1883,  Farl  1. 
Technical  dicitton,  pp.  B-2Z.  tm'M  tkne  PMn. 
Thit  ]»))£''  f"!^*  ^o-  4  (if  the  wrics  of  RejHirU  of  the  Qoveniuietit  aeologicitl  aud 
Mining  t:)urv«;  i:f  the  Wast  Ouiat  of  Runuw.  Full  dmcri]itiom  of  a  nambcr  of  qnartz 
veiiiH,  wniio  nurifttmus  aud  Buine  not.  irhlch  aiv  known  uiil  worked  iii  the  iiri|;Ubour- 
hood  of  Sjiivi-Tiiiet,  not  tac  from  the  (^hincw  wttleuiuiit  of  Sdiiigae.  Tlic  rvef*  are 
■  in  gfnuiite,  ftiiil  rnn  in  »  pcnrtal  «ut  «nA  yteti  lUrertion  ncrnw  tiie  vnlley  (if  tlie  Bwni 
Rinr.  It  wciu*  probable  tliat  the  placer  working  in  the  drift  depociti  tUling  portion 
of  thia  valley  (a»  at  the  Siio-pi-bifi  mine  already  doscribed  iu  lusriCoU;  TranBactioiit, 
Vol.  XXXIl.,  Abstr.,  ji.  2),  »n.>  duu  to  tlie  pnuciioti  uf  thiMe  uid  aiuiiinr  roeft  in  Uic 
gtaiiite  hilla  nroiinil.  Ihc  ijunrti  of  tlie  voiti*  is  in  parti  impr^mted  "ilh  iron 
pjritfB  nnd  ipild.  with  nocasioiial  liinipa  and  leiiticiilar  masaeit  of  pnivr  ijiiarti  oiul  ore 
At  the  end  of  1S81  nboiit  226  ccKilies  and  other  men  were  cDi|ilu]'ed  icorking  aoiiie  of 
the  repfi.  The  atanipnl  vt'in-atiilT  yields  froin  (S  to  35  milligrammea  of  gold  per  kUo- 
gramine. 


(2)   On,W. 


iiaar  hrl  rooriomn  ran  gaud  op  drn  berg  Hattg-nei- 
eame  Author.     Ibid.,  pp.  33-36,  witk/aldlag  Plalr. 


Bff  the 


A  Dituilar  pajier  tu  the  last,  No.  5  of  tlie  miiH!  (erics.  In  this  txm  the  ^ht  ia  fonnd 
in  a  i|iiartz  vein  cutting  through  tlic  stratified  mcki  (unnUstone,  cmighinicnte,  and 
clay  bed'i)  uf  the  HiMig-nei-mii  Mouiitatu,  ubout  three  and  n  half  kiluuietrua  east  uf 
Montnulo.    The  do|M)iut»  are  worked  hy  Cldiuinien.  G.  A.  L, 


BKLnlAN  PHORPHATIC  DKPOSITS. 


La    Craie  phonphalfe   de   Ciplf/   i 


Bn  E.  SoLTiV.      Soei/I^  dm 


Ingfttieuri  loelit  de  I'fcole  protineiate  d'indu'trie  et  del  minei  da   Uainamt, 

Str.  2.  Vol.  XIII.,  pp.  11!)-126, 

Tlie  gnj  phoephstic  ehalk  of  Cipl;  lius  been  kiioun  for  many  yi^nra,  hut  it  is  onljr 
recently  that  varioui  attempts  have  been  inoilG  to  utilUe  the  enoruioua  amount  of 
Jihoiphorie  acid  ivhieli  it  eoutains.  Now  the  dujiiieit  is  worked  actjvely,  the  object  of 
the  pnccsrei  employed  being  to  free  the  natural  material  from  a  portion  of  its  earbmate 
of  Ume,  and  tlius  obtain  a  product  capable  of  being  eoiiTcrted  into  mperplioepliatM. 
The  Ciply  chalk  varies  iu  cumpotition,  the  percentage  of  phoaplinte  ranging  from 
4  to  GU  and  even  inure.  Moreover,  taniplcs  colitnining  similar  percentages  of  phosphate  ' 
arc  not  Identical.  Oeiierally  it  luay  bo  raid  that  the  proportion  of  silica  is  larger  tfan 
poorer  in  jihosphate  is  the  chalk.  The  stone  is  a  miitare  of  fine  light  white  chalk 
po«*der  and  brown  heavier  aud  larger  gruiis,  whicli  are  easily  separated  frmn  the  reat 
by  weshiug.  Tliese  have  a  much  mure  uniform  compoaition  t1«n  the  mixture,  yielding 
from  SO  to  40  per  cent,  of  phosphate.  Tlie  antliiir  deacrities  a  Tnin-  process  of  extnetioo 
which  ennsists  esscutiully  in  culcining  the  washed  raalerial,  ntid  then  quenching  it  in 
boiling  wHler  under  pretsnre.  <i.  A.  1.. 


GEOLOGY  OF  THE  tiOLU  COAST. 

Batrdge  :ur  Oeoloffie  del-  aoldiU,le  in  Afrita.  lig  C.  W.  (JtuuKL.  ^kliuns'- 
bericMe  der  m.ilheaati.ch-pkg.ikalUeheit  Clam  der  k,  k.  Akademie  der  HViwfl- 
tciaf/eH  iM  MiufAen,  Vol.  XII..  18MB,  jip.  ITO-IOG. 

A  short  geiirni)  iwciiunt  uf  tliu  iiroviouii  kiiuwlislgu  (if  the  giild-beariu);  rcvfs  luid 
allnvia  cif  tlio  Uulcl  Cmt.'it,  Kccordilig  bi  Suutbeer,  Bnnliat.  I>■hw^,  Leim,  Hkcrtchlj, 
ftiul  ntlicrs.  U  sncceeded  bj  uiora  datiiilcd  lintes  nti  Che  following  dl«tricb<:— 1. — The 
Tucqimli  hills  in  tlia  Wsasaiir  niantry,  wliare  gold  iiccnra  HMociHlcd  with  Itabirilc, 
vtiry  lilu-  tlie  H-ell-kn'iwn  Jacotinga  rock  of  Branil.  and  nut  iti  truu  vi-ins.  S. — Tho 
Ankobnh  coniitrjr,  3.— Atim.  at  the  mnnth  of  the  Aiikiibrsh  river.  4.— Accra,  in  tlic 
euA.    5.-De\nlit  Hill. 

In  nit  these  regions  tho  rocks  nre  crj'stalliiiD,  and  mom  or  less  auriferous  where  tliey 
aro  i[uiirt»riiB.  The  giilU  di»t  ohwiiitiil  is,  aceoriUiig  to  Wieliel,  very  pure,  that  iu 
^nuiis  (kornergold)  often  cilitniTis  na  niuirh  a»  50  jKir  cent,  of  othur  niclsU  an  ilnpuri- 
till — i^hicH.Y  silver.  cnpfHT.  lini;.  tiu,  utid  lisul  urcA,  U,  A,  L. 


THE  OKICiiN  OK  COAL. 


-  tafurmaliu,,  d-  la  koallU.     Bg  C 
Klh  .'ieriei,  Vol.  L,  llilii,pji.  9 


i,  flat 


An  elabuntv  discussiuTi  iif  Che  whole  subject  in  twelve  sitctions  grouped  Dlidur  two 
hvndtiui  follows; — 

Pari  l.—Bolamcal  and  Miratigraphieal.  Section  !.  -  Uitiinti^mtioii  and  deuiim- 
Iniution  of  fosril  plants.  2,— Mode  of  niTUrrencc  nf  jjhiiiC  remains  iti  rocks.  3.— 
Structure  of  coal  and  arrangeuient  of  iti  uonstitneut  plunta.  4. — Steuis  and  mots  in 
titi.  Carbiiliiferons  forests.  5. — StipiCca  and  lignitES.  6.  — Peats  aiid  other  ace uui il- 
lations of  i-egetable  matter.    7  — Critical  review  of  tlieorics  as  to  the  fonuation  of  cinJ- 

FaH  lI.~Fh>ifica.l  and  ckemical.  Siiftion  1.  Fmsil  states  of  plant  rouiains  iu 
roukii.  2,— Physical  (iropcrties  of  ooal.  3.-  Companitive  cliaracters  of  »tii>itos,  ii(;iiit(-ii, 
and  peats     4.—  Circumstauces  ivhiuh  have  attended  coiiveniou  into  cniil. 

The  genetat  convlusiouB  arrived  at  luay  be  thus  sumnurised: — Coal  is  undonbtcdly 
of  vt^fotahlc  oriipn,  but.  with  the  exception  of  Sligmaria,  none  of  the  pUnla  nf  wliidi 
it  is  foruidl  are  in  place.  Cnal  is,  in  fact,  as  much  a  seiUmunUry  rock  as  shaJe,  and 
tlie  vegetation  t«  which  it  is  due  ia  drifted  material.  At  tho  present  'laj  coal  is  being 
fumicd  in  Che  pent  turharies.  lacustrine  conditions  prtivailed  in  tlie  lignite  period, 
whereas  in  Coal  Measure  times  coal  was  formed  unifomdj  by  transportation  in  slowly 
sinking  basins.  The  tninsformation  of  drifted  vegetable  matter  into  coal  begun  hy 
aniyUcflouB  products,  and  the  c«lln1ar  tissnes  and  hark  wenj  the  flnt  to  lie  attacked. 
Htowty  fonn«l  of  gradually  at-cuniuhitirig  huiniis,  hark,  and  leaves,  coal-seam*  aro  not 
le«  th;ui  half  thdr  original  thiekness  At  flnt  a  kind  of  houi.igunoons  paale,  n-iuiuning 
soft  longm  than  the  encasing  rocks,  ihu  uoiivcmlon  into  hard  and  lustrous  coal  was 
completed  hj  alow  dessication  carried  on  at  moderate  ti  nilieratures.  Coal  is,  in  fact, 
the  result  of  the  dehydration  and  dooxidiiing  by  the  wet  way  of  liiiried  vctfotablo 
■uhstouces. 

The  author  admits  that  his  views  are  in  most  resjieets  a  retrograde  repetition  of 
Ihi-si-  lu'ld  lpy  many  ee..liTfisla  Kff.V  jcars  11^0.  U,  A.  L. 


fOALS  AND  BITUMKN  OK  THINIUAD, 

*iV«rae  dt  la  Trinidad.  Bg  -  Cimesue. 
(.  //.,  ISaa,  pp.  137-184.      Onf  l-lale. 

The  ctmls  deccribvd  ■»:—!.— Tliusc  uf  Mftiiunilla  which  thu  sDtliar  ri^gnrilii  iw  not 
prufltBbly  warkable.  Thej  >re  of  Tcrtinrj  age.  uid  ligtiitiu  in  uliarerter.  2.— The 
WillUuiiviHo  cosl,  1  teat  thick  aud  oearlj  vertical.  Thi*  is  alao  iif  Tertiarj  a^  mid 
il>  puwdeiy  nature  and  dip  ruudor  it  uf  little  or  du  coiuiucrcial  v&lue.  3.— Tli«  lljiuti 
o«l1,  vhicli  the  author  wits  spcciall;  tent  tu  icport  on,  uceun  iu  the  I^ria  tannation 
r^arded  as  NBOoomian  hy  Wall  and  Sawkiiii,  the  Uovernuieiit  geo1ngi<t«,  alid  as 
being  more  probahlj  Tertjarj  by  M.  CnmeDge.  Thure  are  thive  Beams  here,  tJ-gC  iiiotts. 
0'25  metre,  atid  OSO  metre  thick  respuctivuly.  wlitch  consist  of  true  cuol  of  cioel- 
lentquolitj.  Tliemeauanalyeisgivenshowsi— fixedcur1>an,Q2'6j  volatile  matter,  45-0  j 
a*li.  3'6 ;  with  a  calorific  powor  of  77  8.  These  seaius  Tiuy  be  |troflUbly  worked  in  the 
future. 

The  dcpositii  of  bitumeu  described  an,-: — I. — Tlie  wcll-kiiowii  Asphaltum  of  tlie 
Lii  Brca  Lake.  'd. — The  an-called  (i lance- I^tch  recently  diiKovered  hi  the  tiuaracaro 
quarter  of  the  Muutserrat  district,  funning  a  bed  1'2U  oietrei  thick  ciiouied  iu  uiarly 
chijs.     Tlie  exact  age  of  these  beds  iit  not  kiiuwii,  but  Iliej  are  not  older  than  Hiucenu. 

G.  A.  L. 


BULGARIAN  COALS. 
Untm-iuehtiiigm  rn-jcAierfeim-  Koklen   am  Bulganen.      Bi/  C.  Vos   JottS. 

VerAandlunytn  der  le.  i.  geoloffiiaifn  Seichtanilall,  Vol.  XVII.,  1883,  j>;>.  69,  100. 
Qives  the  coefficient  of  boat-power  (Berthier's  method)  aud  perceutagefi  of  water  and 
uh  iif  the  following  coals  from  Bulgaria:— -Triiusic  cual  from  Bclngnuli-ik ;  Liaiaic 
coal  froiu  Trcwna:  Neocoiuian  coal  from  Kuuino.  near  Wmtza;  Tertiary  (Mioccuo 
(irobably)  hruwii  cuuli  from  the  Sofia  boaiu ;  fvoiii  DuAjivy.  neiir  ^uuuikuv  ;  (iunio  L'jnu, 
nuar  Kiistendji  j  aud  Pcniik,  near  Itadoniir.  U.  A.  L. 


THE  AUBIN  COAL.FIELD  IN  AVEVROfJ. 

MtHti  de  Aouille  el  fabricalioii  de  lajonfe  daiit  Ir  baiii*  d'AuHii.     Si/  —  L'ouiUT. 

BuUeS-in  de  la  ^dile  de   rinduelrU   miueralt,    Ser.  i.   Vol.  XI..  pp.  l.(M3- 

IfiSO.  Om folio  PUUt. 
The  coal-field  occupie*  a  trinuguhu'  area,  8  kilometroa  broad  at  the  ksw  and  10  kilo- 
metres long.  It  is  worked  by  five  eoiupanici.  The  Coal-Measurer  reit  un  ancient 
crystalline  rocki,  and  their  prevailiug  beds  ure  saudstuiici  wliicli  Httaiu  iu  pUuwa  a 
thickness  of  more  than  40  nictrcH.  The  KrvutUHt  total  thickuMs  uf  llw  eoal-seuni  b 
TO  to  SO  metres  (in  the  Decaxeville  and  Combes  district)  in  the  centre  of  the  field. 
The  scauiK  are  much  subject  to  thickening  and  thiuniiig.  One  (llutt  uf  Uuurmti) 
is  as  much  as  70  mctrea  thick  near  its  central  point,  bnt  sotm  falls  Ui  40  metres  to 
the  east  and  tii  2  or  3  metres  tii  the  west.  Tliu  succession  of  the  seams  is  also  very 
irregular.  Clay  ironstone  is  abnndant  in  tlie  coal-field,  accompanying  the  coal  and 
ofC«u  taking  its  place.  Two  principal  loncs  of  this  ore  are  knoHU.  The  wlitde  of  the 
beds  of  the  basin  are  referred  to  the  Upper  Coal-Memnrus  uf  Central  Krauce,  Tlw 
coal  appears  to  be.  iu  clmracter,  midway  betwceu  household  and  gas  cual,  hut  it  Tariea 
in  ([uality  iu  different  parts  uf  the  region.     A  geological  nitt]>  by  A.  Jausj 


ie  ..r  tl 


.i'<U.  illiis 


COALS  AND  METALLIFKROUS  DEPOSITS  OF  INUO-CHINA. 

Mimoire  *■(■  Cexplaralioa  dnglln  ilr  cumhualibUt  tt  de  qnrlqurt-nMi  det  i/ilci  metal- 
Ufieei  die  V iHtlo-CKine.  Bj  KoMiJNU  Fircus  aiul  K,  8jJ.*lilS.  Annala  da 
Minet,  8/4  Senei.  t'ol.  11.,  1B82.  jii*.  185-352,  flaiti  Vl.-Sll. 

'Flip  pniiiiiil  I'iivereil  bj  tliui  pitper  indudus  a  largi>  ixirtioB  of  tlic  Sianictc  Kiil]nro, 
C«mbodiii,  Freiicb  Cochin -C'litu>,  Annani.  and  Tong-king.  TImj  uiiin-r»l  nuimreu*  nf 
tlie  two  kst-naTliid  n^ima  kro  uimt  fnlly  tnstixl  of.  lu  RsoelHliiig  orAvT  the  Boilimiiii- 
tarj  rucks  of  these  conittrio*  »ro: — 1.— Anoieut  whiaU,  witb  utaurolite,  etc.  2.-  Dc- 
voiiiHii  nchirt*  siid  gt\U.  3. — CnrbsnifemiiB  Liinmtoiic.  4.— So-csllnl  Coal-MeiuniiiH, 
lying  uiiconfoniuibly  upon  tlie  limestone,  and  overUin  by  {&)  a  aeriei  uf  varicg&tvd 
^iU  and  clays.  6.  Alluvium.  BtHidu  thaw,  thure  are  gmuitie,  purpUyrilic,  and 
viilcAuic  rockoof  vitrioiin  kiiids.  Tlic  "  Cml-Muuiivni"  mentioned  above  arc  allied  to  the 
Uondivaua  seriea  of  Indin,  uud  are  Ihorefure  not  of  true  Carboniferoni  uge,  hut  Trinasic 
to  Liaaiiu.  Tlie  jilants  cliumctfriBtic  of  tbew  bvdi  im  dest^ribed  by  M.  Zbili.kk,  and 
Bgfured  in  some  of  the  pUtea  in  the  prownt  |iai>er. 

Tho  principul  cual-Heldain  tlic»  rnekx  are, so f^r  lu  yex  known,  tiinsiiof  TiHi);-kiii^, 
Yuii-nui,  Ihe  'Hah-Hitt  province,  Nong-SOn  (Aniiaui),  anil  Lnoo,  niun:  ei]>ociuUy  the 
Boautc  Uuiii  on  the  Me-Koiif;. 

ChKi>ter  II.  (pp.  ^30-277)  cousiita  of  detaila  nuiiectiiit;  the  poiitiuu,  thicrklKin,  and 
prubahle  cunimennHl  value  of  the  acams  foniid  in  tbeie  coal -Held*,  luany  of  wbtuli  arc 
stated  tu  be  of  good  quality,  and  some  of  which  attain  a  thiekness  of  tliree  metres. 
Chapter  III.  in  a  description  of  the  iron  dtspoaila  of  Ph'iiom-Dfck,  tu  the  N.E.  of  the 
Cambadian  Lakeof  TotdS-Sap.  These  deposit*  cunaists  of  a  vertical  mau  of  ua^tuettte, 
red  hteuiatite,  limonite,  and  apathoso  iron  ore  encased  in  porpliyritic  and  gronulitic 
roclu.  The  risible  volume  of  this  mass  uf  ore  is  calculateil  to  be  two  and  a  half  ujilliou 
cubic  metres.  U,  A,  L. 

MIKEIIAL  IIKSOIUCES  OF  UUAZIL  (I'UOVINCE  OF  MlNAS.dEKAKS), 
L'lHtl«ttrit  miaieale  dam  lapi-ociHCC  de  Minat-Oeraft,  Bg  A.  he  Uotlfr.  Aimalea 
dti  Mint!,  8(*  Srnet,  Vol.  III.,  1883,  pp.  85-132, 
The  minerals  worked  in  thia  province  ore  gold,  platinum,  iron,  lead,  and  inMi|^neiic 
ores.  Diamonds  aud  many  coloured  genu,  such  as  topaz,  beryl,  ganwt.  ainethyit,  etc., 
and  grapliitu.  The  prciunt  paper,  which  is  the  Hrst  part  uf  a  comp^chensi^'H  memoir, 
deals  chieHy  with  the  iron  ores,  which  arc  butli  rich  and  abundant— bo  abnuilant  indeed 
that  aouie  of  tbe  towna  (Onro-Freto  for  exauipla]  are  largely  ballt  of  them.  These  iron 
ores  are  principally  italnrite,  and  tbe  well-known  aariferous  jacntinga,  uiicaceoiia  iron 
ore,  ipecnlar  iron  ore,  a  bard  and  tough  haraatitOi  and  lastly  a  (ermginoiu  confi;lomeratu 
known  locally  as  eanga,  which  covers  immDnse  areas  situate  at  the  foot  of  tlie  hiiinntitc 
dcjHHitii,  and  which  is  evidently  due  to  tbeir  waste  and  decompusition.  Magnetite  is 
occasionally  found  associated  with  all  tliese  ores.  The  lattor  are  rcinarkably  pure,  thu 
only  gaiigue  accompanying  them  being  quarti,  and  then  rarely  more  tlian  3  l«  G  per 
ceut.  Manganese  occurs  in  all— sometimes  as  mnch  us  9  ])cr  cent.  Alt  the  depusits 
oeeur  in  huge  massvs,  and  crop  nut  at  the  surfau;.  Tliuse  at  the  foot  of  tbe  Serra  dc 
Cora^a  alone  contain,  according  to  U.  OoKCElx.  8,000,000,000  tons,  and  the  others  are 
on  the  same  scale.  TSo  true  cool  is,  unfortunately,  known  in  the  rq^on,  but  in  tlie 
centre  of  tlia  iron-Held,  at  Follseca  and  Gandarella,  respectively  coat  and  west  of  tbo 
Svrra  du  Carai^n,  there  ore  two  basins  of  lignites  of  late  Tertiary  or  sub-recent  age. 
Tlie  seams  of  the  western  hosin  are  workable,  and  might  be  used  in  ainelting  the  urus. 
The  fiiresti.  however,  are  still  very  large,  and  mnst  be  repirdtil  as  the  real  source  uf 
fiivl  in  any  eetinmti'  of  the  inin-nmking  cnpai-ilics  of  tbis  etti'u^lve  iv^'ion. 

a.A.L. 


MINES  OF  VIALAS. 

EB,     BnlUlin  He  la  SoeiM 
2,pp  995-].oa4. 

Afiur  ileHcribitig  the  i-ituntiuii  nf  tlic  iniiio  muiiiit'  tlie  gmtiitea  of  Sf noiit  LmJre.  tlie 
author  pmceeda  to  clii»ify  tbo  wills  (worked  for  argclitiforauB  gutciiB)  itceording  to 
tliclr  BgG.  He  iioticea  tlte  |>benuiuGDnu  of  tlivir  reojieniiig,  and  the  inAox  of  an  ore 
long-  8iibw<]uciit  to  their  fonnatioii,  alMi  uieiitioiiiiig  Ibe  depoiitinu  of  ore  in  openiiig* 
that  bad  reinahml  wine  time  inn]it;.  Udcniiiiiijig  their  relative  ages  from  tlie 
crossing*  and  the  iiivbisiou  of  one  veiii-Ktnll  in  anutlier,  lie  takes  Uieiii  in  order  accord- 
ing to  tlieir  claisiHvatioii,  and  describes  their  HDuiirrmioe,  contents,  and  amoant  of 
galena.  A  vein,  elsewhere  pour,  is  described  a>  containing  niKlulea  of  galena  new  it« 
intcrsvctiini  witli  a  riclier  vein.  'ITic  ainolllit  of  silver  varies  from  :ilft)  to  700  gnuutnea 
in  100  kilrgralinncB  »f  lowL  and  agiina  ar«  gi»en  to  prove  tliat  tiie  proportion  of  diver 
to  leail  iiicreawi  witli  tlio  increase  nf  tliat  nf  galena  lo  veiu>8tuS,  The  paper  next 
describes  tlio  mecluuiical  separation  of  tlie  different  prodacts.  gidng  a  talinkr  itatc- 
m«nt  of  the  varitius  D]Hiratii>iii,  after  which  conies  a  description  uf  tlio  luolallurgical 
treatnielit,  nitli  aimljiius  of  thu  prodnets  at  the  different  stages  of  tllu  nurk. 

(I.  E.  L. 


TAf  NoatlitrH  Soaptloilei,  KaolU,  aad  Fiiv  Clagi,  anrt  their  luet.  Jig  PhofbsHuh 
P.  H.  Mell,  Jh.  TraiuarKoiiii  Amfnean  Imtiivte  ttf  Miin'iig  Bug<»etrt, 
Vol.  X..  1883,  j-ii.  318-3aS. 

Sinpatiiiie  occurs  thruugliiiut  tlie  uietamurphic  rocks  of  Alabama,  Qeoi^^ia,  South 
Carolina,  and  North  Curolinn.  Seven  aiialyuu  of  this  stonii  are  given,  and  it  is  stated 
to  be  extremely  rofmetory  and  useful  for  furnace  lining.  In  using  soa]istone  far  auch 
pUTpuscs  the  blocks  must  be  pbuied  with  tlie  cross -section  of  tlie  tcrain  eiposed  lu  the 
Are,  otherwise  it  will  urumble  and  Ilake. 

Kantia  is  fonnd  in  similar  roekd  ui  many  portjous  of  AUbama  &nd  Georgia.  Two 
aualyics  are  given,  whieli  show  good  porcelain -making  i>ro]K)rtions. 

Fire  cUy  suitable  fur  brick  making  is  found  in  vast  ([imntities,  and  iissoeiated  with 
buhrstone.  near  Claibunic.  on  the  Alabama  River.  (i.  A.  L. 


GOLD  AND  SlI-VKIt  1\  AltlZO.VA. 


The  Oeologfi  ami  reran  of  Tombili 


■cert  Piijtire, 


HI.    Bg  William  P,  Buke.     IVa«- 
c  of  MiHing  Eoginetrt,  Vol.  A'.,  IWJ2,  pp.  33«-9i5. 


The  geoU^fj  of  Ihij  r^-iou  cmisisls  nf  graiiile  upun  Hliioh  rests  a  series  sevoral 
thousand  foet  thick  of  perfectl;  contonnablo  tiiiarCiitea,  limestones,  and  sli&les  dipinug 
from  20  dcg.  to  45  deg.  to  the  east.  This  scries  a  pnibaUj  uf  Carlwjiifcrous  age. 
Intrusive  porphjritic  dykei  cat  through  the  beds  approiimatclj  in  a  iinrth  and  tonUi 
direction.  This  is  also  the  direction  of  lliu  principal  faults  and  veins.  Tlie  ores  of  tbe 
district  occnr  in  veini  and  "Hats"  {so-called  bedded  ores)  a]ip8n)iitl.¥  associated  with 
the  intrusions  nf  igneons  rocks.  "  Tlie  ontpnt  »f  gold  and  silver  up  to  tlie  1st  Jannafy, 
lHa2.  a^regntes  7,359,200  dollars,  and  over  3,000,000  d<illar>  have  been  disbursed  ' 
dividcnd.1."    A  table  of  tbu  pnidiu'tiiin  uf  the  variolic  mine!'  is  given.  Q.  A.  I.. 


J 


GOLD  IN  SAS  DOMINGO. 

Tit  Gold  Pifld,  of  Ihr  MHthern  portion  of  Ihe  Inland  of  Ban  D«mi«gB.     %  RicnAED 
P.  Kuril  WBLL.     TraiuactiOHi  American  Imlifvle  of  iHning  Engineer:  Vol.  X„ 
lSS2.pp.  31o-35t. 
Tlic  contml  mountain  chain  nf  8iin  Uoinlngo  ranslsia  nf  Hjeiiitic  nicks.     Tlii^e  lae 
flmilteil  mid  aivereH,  Jtril  by  a  fiitded  mid  braketi  inetaniorpliic  soriis  of  slaU-*,  enn- 
glnmGnliM,  and  limedtuiieB  of  Crotacpauii  age,  and  necondly  hj  Miocene  and  Pliocullc 
imda.    Qnsrtx  vvinB,  BomoCinios  auriferous,  are  frequent  in  tlie  Mctaiaorpliic  Crebucoiu 
■erica,    TliaH!  vi^itis,  Iioivovlt,  iiivariatil]'  coincide  witli  the  bcdiliiig-plaa«,  aiid  sru  not 
tlicrcfore  true  timlire  veiiit.    Tliey  aro  mint  iiuinerou*  near  the  central  core  iif  cruptivo 
rnclc ;  there  tbcj'  aru  gold-bearliig,  and  Llieni  only,    Tlie  river  aanda  are  barren  in 
the  syenite  r^un.  but  beeome  anriferoui  on  reacbiiig  the  shitvii.      Allbough  idl  the 
gravela  belo*  the  slate  wine  oneiroDng  Uie  syenite  motrntains  contain  more  or  less  gold, 
yet  the  quantity  available  i*.  according  to  the  author,  far  too  snulll  to  mnke  tbeir  work- 
ing coinuiurcia]ly  profitable.    Tlie  veins  aro  likenise  unlikely  to  prove  remnnerative. 

Q.  A.  L. 

KANAWHA  tXJAL  (WEST  VIROINIA). 
A'olu  on  Iht  BardSpb'nl  Coal  of  lie  KanatfAa  I'alleg.  Bg  Stfabt  SI.  Rick. 
TraniacliOHi  American  InttilaU  of  Mining  Engineers,  Vol.  A'.,  1SS2,  pp.  S1-8G. 
The  RanHu'liB  splint  cnal  i«  hard,  dull  in  Instre,  ciwrsely  Abrous  in  ntrnctnre,  very 
pure,  and  rcsisti  atniusplieric  inRnence.  It  kindles  reiwlily,  bums  with  a  bright  Haiue. 
bot  does  not  cuke.  The  Conlbarg  Seain  is  the  chief  one  of  tliis  kind.  It  i»  3  fM 
8  inches  to  4  feet  6  inches  thick,  including  a  wnrthleis  band  of  6  to  8  indies,  known 
locally  as  "  ni^eriiesd."  Tlie  coal  seems  to  occnpj  a  largo  extent  of  cunntrj,  and 
thickens  towanls  Paint  Creek.  It  liaii  been  worked  for  more  tluin  iie%'enteen  .vears  rm 
the  line  c,f  the  fhcaappake  and  Ohio  Rnilway.  chiefly  at  C«iUiur(f.  O.  A.  L. 

TENNESSEE  H.fiMATITES. 
Some  Drift  HamatHe Depoiitt  in Eual  Tennei»et.  Bi/  Edward  Ki(;hoi.8.  Traaiae- 
Hum  imeWeau  InitU»te  of  Miniag  Kngii>eer>,  Vol.  X.,IS62,  pp.  iHO-^Z. 
IX'scribct  deposits  of  gravel  ore  whicb  occur  at  the  base  of  a  serioa  of  low  foothills 
or  knobs,  composed  of  Clinton  >hatea  carrying  scams  of  fossilifcrous  bicmatites.  Analyses 
of  the  drift  ore  and  of  that  of  tlie  seania  which  are  given  slinw  the  former  to  be  mucli 
the  richer  in  iron  and  poorer  in  phoaplmms.  Tlio  author  thinks  it  is  difficult  to  ouunect 
the  two  ores.  Tho  percentages  of  inelallic  iron  in  the  gravel  nres  arc  S9i)5  and  62•^^, 
of  phosphorns  0'075  and  iyobi.  Cnfortuliately  these  ileposits  are  qnile  limited  in 
extent.  0.  A.  L. 

ZINC  IN  VIRGINIA. 

Soir  OH  Ihr  Falli.,,g  Clif  Zinc  Mine.  Bff  F.  P.  DewBY.  Tranaarlio,n  .imeHcan 
iH'lllute  of  Mini's  Enffine-ri.  Vol.  X,  V^SS.pp.  Ill,  lU. 
Tlie  ore  ill  tliis  mine  occurt  filling  a  rein  with  a  very  irregular  liade,  aitoated  in 
No.  ^  Liiiicstoue  of  the  Trenton  formation.  It  is  a  lilico-carbonate.  with  from  3988 
to  61'99  per  cent,  of  zinc  oxide,  according  to  three  fall  analytes  given.  The  ninolint  of 
ore  cannot  jel  bi>  HwertsinLxl  piHclly,  but  is  proviil  to  lie  very  [urge,  0,  A.  L, 


nor.D  OF  KORTH  CAItOLmA, 

Some  pemliaitlif  in   the  oeeurrencr  of  Qold  in  Xorik  Careliua,     By  I'bofrhsob 
W.  C.  Kbmk.     TramaclioM  Ameriraa  I— lit  aft  of  Mining  EM^arm,  J'ol.X.. 
pp.  475,  476.     0»e  Figure  in  lext. 
Note  of  occurrence  of  gold;—!. — 111   decomposed  gusia*  at  the   Rliode*   Mine, 
Onittoti  Cnuiitj.    2. — In  u  felii|iktLic  scliiat  at  n  mine  in  Mnore  County.    S.—  lusmniR 
nf  quart;!  ia  a  bloc  hj'dni-uiicacimiu  leliiBt,  and  ill  a  greyish  blue.  Riic-gnuiu'd,  icliXSto«B 
liinestoiieat  King's  Mod u tun  Uiiie,  iu  Quilon  Cuuiitj.   4.— In  b  lingular  cniieretioiutiy, 
cnngloinerato  schiit,  cnnlaining  Palitatrockii,  in  Hotitgauory  Conot;.    6. — In  thin- 
bedded  iinart;:  slates,  often  pyroplijllitic  And  fclspntbic,  in  Mnntgomerj,   DuTidaim. 
and  Haudnliih  Cimiitieg.     fi.— In  tbe  Rrej  mneli -join led  qoartrite*  and  felsitw  of  tlie 
Hunminn  Hilla  on  tlic  eaileni  tide  nf  llic  (rrcat  «late  belt.    7.— In  a  trap  djkc,  near 
Cliarlntte.  li.  A.  L. 


THE  rr-n'HB  of  north  American  oil. 


nd  !fe«,   York.      By  HsSBY  K. 
.  o/  Mining  EngiKtrt.  Vol  X., 


The  amount  of  Oil  rrmainiag  in    PennngUai 

WniOLBr.      TraaraeHoni  Aaurienn    Inn 

\mz,  pp.  334-360,  aitK  Sketch  map. 
The  area  of  the  oil-region  in  PennsyKania  and  New  York  ii  «latod  to  bo  ■bout 
4,S50  Kcjuaro  inile!i,  as  proved  fay  iHiriiigs.  Tbe  hoiiniUriiM  of  tliii  area  arc  veiy  clevlj 
deliiiHl.  The  lonthern  liinit  in  flxed  by  tlie  depth  to  which  the  dip  carriiw  the  oil- 
gathering  sponge-rook  being  inch  that  the  tempemtnre  of  tbe  earth  there  prwlodee 
the  eiistimce  of  hydro-carbon  a  in  any  other  bat  the  paneoxa  Rtat« ;  thg  eastern  limit  i« 
the  line  wheru  all  the  Hi^nrea  of  tlie  anticlinal  and  aynclinul  folds  Imve  come  to  the 
RUrface ;  the  western  limit  is  where  the  folds  of  the  bc<Ia  have  all  died  iint  and  there  are 
no  flasares  to  allow  the  gas  to  rise  ;  and  tho  nnrthern  limit  in  chieliy  due  to  tlic  nine 
caase,  "  On  tlie  east  tliere  ia  no  rover,  un  the  west  and  north  it  in  all  corer  and  no 
ereviccs  within  reach  of  a  proper  deptli  of  tempctatore,  and  on  the  sontli  tlie  resorvoira 
are  all  helow  tlie  line  of  temperature"  (p.  357).  TIio  details  nf  the  oil  prodiiction  of 
the  area  are  fully  diwnssi^,  and  lead  tho  author  to  the  cauclfisinii  tliat  there  is  a  total 
of  9n,000,0IX)  Inrreln  of  oil  only  left  in  the  erinntry,  tlte  present  y«rly  output  bciiig 
25,000.000.  '     G.  A.  I,. 


MINKS  OP  SOUTHERN  NRW  MEXICO. 


H  Iml< 


of  Soulhem  Nea  Mexi 
of  Mining  Engi. 


Jig  Us.  B.  t^iLLtMAM.    Trantaelioiu 
r».  Vol.  X,  1882,  yp.  421-144. 


Short  desorijitions  are  given  of  the  fotiowing  mining  districts:— l.^Si>Mrro  Mint*. 
N.R.  and  -S.W.  veins  of  heavy-spar  with  chloride  of  silver  and  vunadiam  miuenila. 
i,  —  Tht  MagdaUnat,  a  bold  range  of  metainorphie  rotks  thirty  miles  west  '>f  Socorro; 
the  Juniala  lode,  carbonate  nf  lead,  40  feet  thick.  3.—  The  Oeeuraa  Firmian  Copper 
Bed:  Depiaits  of  copper-glance,  aiuritc  {chessylite),  and  miUachiti!,  also  a  little  silver 
and  gold.  *.-The  Late  Valleg  or  Sierra  Mi«ei.  Silver  ores  (native,  clilorida, 
cidoro-bromide,  and  argentiferous  galena  and  lead  Earhonates),  lead  (galena,  carbonate, 
and  vanadiuite),  iron  (specular  or  red  hnimatite  and  brown  iron  ore),  tnanganeae 
(pyrolusite),  all  veins  in  Carboniferous  Rock*.  5.—  The  Blaek  Sangt.  Oold,  silver, 
copper.  line,  niid  lend  li«lo..  O,  A.  L, 


GOLD  IN  DAKOTA. 
Tie  oeenrrtitca  of  Gold  <a   tlit  Fotidam  formation.  Jilapk  IlilU,  Dakota.     Bif 
Waltbr  B.  DBvsaKDX.    TramaHioitt  American  Instxtule  of  Mining  Engineert, 
Vol.  X..  1883,  pp.  465^75.     One  Figure  i»  itxt. 
Gold  oconra  hero  id  a  breccintcd  congloraenitc  or  "  CBmeiit"  at  tho  base  of  thfi 
Pfltsdanj  beds,  whicli  retU  anconformablj  upon  older  iiptiltcd  seliists.    Tbe  latter  are 
traversed  bj  an  auriferons  lode  kmra-n  as  the  Homratuka  Vein,  wliicli  is  appwoutly 
older  tlian  tbe  Potadain  beds,  and  the  outcrop  of  which,  though  now  covered  bj  a  sheet 
of  porphyritie  trap,  is  coniiderably  above  tbn  level  of  the  "  cement"  or  gold-bearing' 
baaeiDont  bod  of  tho  Fotadam  series.    This  is  regarded  an  a  beach  deposit,  and  the  gold 
it  contains  is  supposed  to  have  originated  from  Iho  Homest»ke  Vein.    PUcer  workings 
occor  m  drift  due  to  Ihe  waste  of  tbe  "  cement"  deposit.  Q.  A.  L. 


VIRGINIAN  IRON  ORES. 
(1)  The  Rich  HUI  Iron  Orei.  By  F.  P.  DeweT.  TraaiacHani  American  IntlUu/e 
of  Mining  Eagintera,  Vol.  X„  1882,  pp.  77-80. 
Tliis  paper  describes  the  celebrated  "  car-wheel "  iron  ore  of  this  region.  The  Rich 
Hill  ore  occurs  impcrfectlj  bedded  an  a  sodinieutary  deposit  in  Limeatono  No.  2,  whicli 
is  supposed  to  lio  of  Trentoti  age.  In  amount  It  is  estimated  at  2.000,000  tons  at  leiut. 
It  is  casilj  BccessiWe,  and  free  from  all  dilficnltj  from  watar  or  otherwi«  in  mining. 
Tbe  percenlKge  of  nietnllic  iron,  as  shown  br  fnll  nullifies  given,  vanes  from  51'S&  to 
67-35,  that  of  phosphorus  from  O'OSO  to  0-200. 

(2)  ^0^  on  Black  Band  Iron  Om  in  Wett  Virginia.     Bg  S.  P.  SiusrLRS. 

Ibid,pp.m,S\. 
Doscrihos  a  bed  of  binck-hand  ore,  4  to  5  feet  thick,  known  to  occnr  over  a  tract  of 
about  1,600  acres  at  the  head  waters  of  D&rls  Creek,  almnt  nine  miles  from  Charleston, 
West  Vii^iuia.     Pcicentnge  of  metallic  iron  Sl-lfi  to  30-43,  of  phosphorus  OSG  to  0-87. 

G.  A.  L. 


PE08PECT1N0  FOR  MAGNETIC  ORES  WITH  THE  NEEDLK. 
De  Venploi  de  Vaiffuille  aimanUe  pour  la  reehfrrhe  des  nilntraii  magnStiqaee.  Bg 
L.  Pkraed.  Bevve  UnivertilU  dee  Minu,  ete.,  Ser.  S,  Vol  XII..  1882, 
pp.  371-390,  willifbtdlng  Plate. 
Describes  fnllj  the  methiids  followed  in  North  America  and  in  Sweden  in  searching 
for  magnetic  iron  ore  de|>nsits  by  means  of  the  mngnetie  needle,  according  to  Dr. 
Sniook  in  the  former  case,  and  Professor  Tlial^ii  in  Ihn  latter.  The  American  iron 
iuniert  nse  a  needle  rotating  in  a  vertical  plane  onlj.  In  Sweden  tbe  instrameiit 
employed  is  a  declination  needle  so  wdghted  as  tu  show  no  dip  under  the  inHuence  of 
ordinary  terrestrial  mognetinn  only,  bnt  whidi  dips  on  being  brought  near  a  magnetic 
mass  beneath  the  surface.  A  dip  needle  has  now,  moreover,  been  so  contrived  bj  Pnif ossor 
Cook  as  to  have  a  certain  amount  oEborisontal  play  as  well.  Tho  geometrical  problems 
involved  in  tbe  mctluids  described  arc  discussed  at  lettgtli  by  the  author,  who  dIbd  odds 
name  raatbemntical  comllnries  of  bia  own.  In  uU  cnsvs  tlie  ore  deposits  are  regaided 
as  huge  magnets,  furnished  as  to  mcli  sei>arato  mass  n-jtb  N.  and  fi.  poles,  and  having 
a  positioii  (in  Sweden  at  least}  genoTBlIy  eoinci^Ung  with  tb«  local  magnetic  dip. 

O.  A.  L. 


THE  ST.  GENEVIEVE  COPPEIt  DEPOSIT  (MO.) 


I'iyurei  in  text. 


I.  OtaeeiiBt  Copprr  Btpon'l.     Bg  FbaSk  K 
H  iMliUte  ofMimog  Enginttri.  rot.  X,18 


Traiuae- 
p/.  4*6-456.    Si-x 


Copper  ore  wiu  first  nnUocd  in  St.  Genoviivc  Count;  in  1663.  I.— The  geological 
Ji^ftnation  and  tnodei  of  occurrence.  The  depnait  uccun  in  the  aecond  <if  the  Magueid»n 
l^inentnne  aents  ut  the  Lower  Silurian  sjBtem.  The  ore  is  in  two  Dearly  Loriioiitnl 
BhsKta,  hutwoeu  ttrkta  of  uhort.  in  thu  Umeatoue  j  it  cuuniBts  of  cbalcopyritc  (niasure. 
3  ineliea  to  several  f (.lit  thick),  cliuicooiti)  (never  in  large  quantities),  maliu-hitc  (inuaive 
and  inoruiting).  Muritc  (u  au  inonutatiou  only),  cuprite  (in  conaidershle  qnantitie*  ai 
Kami  in  iialpLiilu).  tenorite  (not  camuiun),  chrysuculU,  (rare).  2. — Qeologieal  kittorg 
of  the  depon'l.  Thia  is  divided  into  five  periods— uf  deposition,  dnluutiiottion,  diaiolu- 
tion,  regcnewtion,  and  oiidation  reipcctiytly.  S.—Malhod  of  marking.  Details  of 
tbo  Cornwall  uiiiiea  are  given.  The  cost  per  ton  of  Uiu  ore  dulivurfd  at  Qi»  soieltiag 
Worlu,  aupporing  it  to  carry  on  tha  average  18  per  cout.  of  cupper,  is  :— 


Mining  and  dregsing,  at  ICK 
Supervision,  weighing,  etu. 
HatiUng-         


''  The  nmrlcot  valuu  of  auch  ore,  wlicn  copper  is  quoted  at  £0  oenta.,  ii  3  doU.  pc 
t,  or  51  dull,  per  ton.    Not  profit  to  owncra,  21-16t  dols.  per  ton."  O.  A.  L. 


IIIOX  MINES  OF  ITALY. 
L'ladHilrft  miHA-ale  rii  Italie  ilepuiM  ISGO Ju-in'tit  1880.  Bg  Jkan  Kivi-u  and  LeoS 
TllONAIiU.  Serue  Univertelle  Oct  Miae;  etc..  Snr.  2,  Vol.  XIII.,i>p.  27-56. 
aUh  tiBO  MapM. 
The  chief  ores  of  iron  worlied  in  Italy  nre  tlio  magnetite  and  specular  iron  ore  of 
the  Isle  of  Elba,  and  the  apathose  iron  ore  (chalybite)  of  Lombardy.  In  the  present 
report  deposits  of  secondary  importance  are  described  as  well,  vii.,  the  magtietita  of 
Coigne,  in  the  Valley  of  Aosta,  in  Piedmont,  which  is  associated  with  Hrpentinc,  waA 
tliat  of  Traversella,  in  the  ChiusclU  Valley,  which  occurs  as  a  vein  or  oantact  nuua 
lying-  between  dioHto  and  mlcaBchist ;  little -known  depositu  (also  of  magnetite)  an) 
known  at  Strsziema  and  Forno-Velascu,  and  olhens  (of  liwuiatite)  at  Monle  Va!erio, 
Kombiuo,  etc.,  in  the  Apnan  Alps.  Tinstone  aaaocinted  with  iron  ore  has  recently 
been  ^covered  at  Monte  Fnmacchio.  Highly  mangaiiesifemas  ore  is  worked  at  tlie 
Monte  Ai^ntaro  Mines,  near  Porto- Ercole,  chiefly  for  ths  English  market  Tlicae 
contain  as  much  as  30  per  cent,  of  manganese.  At  the  fnot  of  the  Tolfa  MountKiog, 
13  or  13  kilometres  from  Civits-Vcccllia,  is  a  large  dcjiosit  of  hydratul  pcroiido  of 
iron  formerly  worked.  Limonite  oucnra  also  in  fisiure-voilis  and  beds  in  the  limestoue 
mnaiiljuns  of  the  Central  Appeuines,  at  Terra  di  Lavaro.  iji  the  Nuapolitau  district, 
and  lying  between  Meso;«nc  limestones  and  ancient  slates,  near  Paiiano,  in  the 
Calabria.  Numerous  luomatitc  and  magnetite  dc)io^Is  are  known,  and  some  worked. 
in  the  l^tilnrian  rocks  of  Sardinia,  as  at  Aci[uaresi,  Perdaaticna,  Fuutanaperda, 
S.  Looue,  ete. 

Tables  showing  the  uuiiiber  of  mines,  number  of  tons  worked,  h)tiLl  value  in  lirtt 
tot  each  district,  and  quantity  cipurtcd  for  the  whuto  kingdom,  arc  appended.  Full 
analyses  of  the  varieticH  of  Etban  ore  are  altio  given.  The  mit]»  bIiow  the  iiun  mines  of 
EibiL  and  the  adjoining  Tuscan  coast.  G.  A.  1.. 
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COAL  UNDER  LONDON. 
SntmfK  da  iludet  nr  FeiitUime  pcaibU  de  la  houUU  dux  eneirotu  de  Loitdrtt, 
Bif  Au.  FiRKBT.    SeoMt    VsivtrielU   lUt   M<na,   etc.,    Ser.  2,    Vol.  XII., 
1882,  pp.  457-471. 


Hives  iin  utialyiis  of  tho  vioH's  pnbliiihod  on  thii  subject  hj  I'rofesw>rs  J.  W.  Judd, 
Prcstwii-li,  and  Hull,  Meura.  T.  Audrimont.  Godwin- Aiwlcn,  and  othera.  Cani])*re« 
these  with  the  facts  u  now  known  rapcctinR  tlio  lie  of  tho  C>rbauifcrauE  rocka  in 
Northern  Fnnce  >nd  Belgium.  Concludos  that  it  ia  prob&blu,  from  the  ovideiice  at 
prewnt  available,  that  the  nortlicm  slope  (that  facing  south)  of  tbe  Coal -Measure 
traugli  whicli  apparently  extouds  under  tUo  southeni  portion  and  further  to  the  sooth 
of  tbo  Metropolii,  bcgiiii  at  about  1,200  iDctnss  soath  of  the  angle  made  bj  Tuttonliam 
Court  Koad  and  Oxford  Street.  The  aatlior,  therefore,  advises  that  a  boriii);  be  mado 
about  2  kilometres  south  ot  that  point,  but  tliinks  it  possible  that  a  great  ohlicjue  fanlt 
■ilnilar  to  that  of  tbe  Pas-de-Calsis  {the  Orande-failU)  may  be  present,  and  may  cause 
licrc  alio  nn  apparent  rcvergal  uf  the  order  of  tho  rocks,  t.c,  that  Dovoiiiui  or  Carhoiii- 
fentiis  bmiMtoiic  may  overlie  the  Coal- Measures.  Q.  A.  L. 


IRON  AND  COAL  OF  CHINA. 

Lf  Minen  de  Ftr  et  de  CharhOH  e«  Chint.  By  CotNT  DE  NolDASa-CiLF.  Rerae 
Univertelle  det  Mlna,  rlc,  Ser.  2,  Vol.  XII.,  pp.  478-182. 
An  official  report  to  the  Belgian  Minister  nf  Foreign  AITairs  from  the  Belgian  Ucsi- 
dcut  Minister  in  Cliiua.  A  brief  account  of  the  mineral  resources  of  the  Northern 
Proriuces  of  Tehibli  and  Shantung.  Analyses  by  Or.  Percy  are  appended  (1)  of  brown 
iron  ore  cont^ning  53'33  ptr  ce»t.  of  metallic  iron,  no  sulphur,  and  only  015  of 
phuspboric  acid;  (2)  of  coaL  of  excellent  quality.  Both  iron  and  coal  cume  from 
Puug-tchung  in  the  district  of  Tamillg-Fuu,  and  occur  in  largo  cjuantitics.  Copper 
and  lead  niiues  are  also  referred  to.  G.  A.  L. 

HILVKlt  ORES  OF  THE  ANDES, 

Analgiei  de  mineraii  argentifira  de  la  Cordillihre  det  Amlei.     (Mine  del  Doctor, 

prii    dt  Mexico)  [He].      SevuB    VnivarnUt   del  Mine*,    etc..    Ser.  2,    Vol. 

XII.,  p.  *83. 

Analyses:— (1)  Of  vein  Ore  shniring  cryataU  of  pyritc,  caleiU,  i|asrt£,  and  slibiiite, 

yii-Uliiig  1,250  gruumies  uf  ailvvr  to  the  ton ;  (2)  of  three  samples  uf  yellowish-grey 

alluvial  uiuds,  yielding  2,600,  iiO,  and  2,800  grammes  of  ulver  per  ton  rvspectivuly. 

O.  A.  L. 


COALS  OF  ITALY. 
flmluttrie  miiterale  en  Ilalie  depait  imijutqu'e*  1880.    Part  11.    By  Jkan  Bkco 

and    Laos  TnoNiBn.       Jfeean  Unieerielle  de,  MiMi,  etc.,  Ser.  2,   rot.  XII., 

1882,  pii.  114-142. 
This  jinrt  uf  the  nicmoir  eoni|iriscs  a  summary  of  the  official  statistics  as  to  the 
existence  and  comiuercial  value  ot  the  various  fossil  fuels  of  Italy.  Of  theso  only  a 
few  scuuis  of  anthracite  belong  to  the  Pala.>oxoiu  series.  Tlicy  are  known  ut  fifteen 
]ioiiit9,  of  H'hicli  the  principal  are: — La  Thuile,  in  tbo  Valley  of  Aoata,  where  six 
seams  one  metre  thick  arc  known  to  occur  over  a  small  area,  and  are  worked  for  local 
ose ;  Monficis  and  Colizsono,  in  the  Mari^mc  Alps,  whore  the  scums  are  t»or ; 
Cludiolno  and  Creta  d'Oro,  near  the  Carinthian  frontier,  where  the  anthracite  is  too 
fiiahlc  and  uthvrwise  nsclcss  f<ir  general  ]>nq»acsi  Montd  Jauo,  in  Tuscany,  wilh'ona 


wortlilcss  Hcam  of  tme  Carlioniferoai  i^ ;  Sent,  in  Snrdiuia,  wbcre  there  I>  a  imalT 
boxin  conUinlng  a  seam  2^  metres  thick,  but  so  Bituutal  as  rcgsnli  commnnic&ticitis, 
etc.,  an  to  render  its  working  eitrcmelj  costly. 

The  Ugnitea.  on  the  otlier  hirnil,  are  ahiuidant,  and  distribntcd  o»er  seventy-two 
distinct  districts.  The  biuins  recognized  in  1880  bk  being  ecoiioinically  imiwrtant 
iBBj  1)0  tliQS  eniimcratcd :  — 

l.—Monft  Pulti,  in  the  Agno  Valluy  (Province  o!  Viccnia).— Age,  Eocene.   Nine 
seams  of  ligpnite  irith  a  total  thicknew  at  9  metres^  Mid  three  bods  of 
IiitiiminouG  shale.    Annaal  prodnction,  12,000  tanih     Kitimated  workable 
amount  rcmiuning  in  18W,  400,000  t^ns.     Qunlilj-  rery  giivd ;  aacd  St 
Uio  Venice  Anensl  and  by  the  Lake  QsrdiS  steamers. 
2. — Tbo  Oaaeue  Basin,  in  Sardinia. — Age,  Eocene.    Three  or  four  soanis,  with 
a  IaIkI  thickness  of  2  to  3  metres.    Annual  ]>roduetion,  I4,UUU  ton*. 
Estimated  workable  amount  left  in  18S0,  5.S00,000.    QnnUty  very  good  ; 
nsed  at  the  adjoining  lead  mines  of  Hontuponi,  8an  GiuTonni,  and  others, 
3. — Cadibona,  in  the  Province  of  Genoa. — Age,  Miocene,  locnstrine.     One  pHn- 
cipal  9oam  2-50  metnu  thick.    Prodaction  in  1878,  4300  tons.     Nearly 
ciliaii9t«d.     Quality  DicellenC ;  nscd  for  navigation. 
4. — OnriniM,  near  Nnceto,  in  the  Province  of  Cnneo.— Age,  Hioecne,  lacustrine. 
One   seam  0-60  to  1-00  metre  thick.    Annual  pmdnetion,  2,000  tons. 
Qiulity,  a  rather  friable  lamellar  lignite. 
B.— 5a nana,  near  Ls  Speizia  (Province  of  Qenoa). — Ago,  Upper  Uiocene.     One 
Mam  2  to  2-SO  metres  thick.    Annual  prndnctiou,  15,000  tons.    Amount 
left  in  1880,  fiO0,000  Ions.    Quality  good ;  nsed  in  the  lead  smelting  milU 
at  Portugola. 
6. — MoaU  Mairi  and  Talli,  in  the  Province  of  (Irosaeto.— Age,  Miocene,  marine. 
Four  seams,  600,  1-20,  0-80,  and  1-90  metres  On  descending  order). 
Annual  production.  11.000  tons.    Amount  left  in  1880, 15,000,000  tons. 
Quality  good  when  washedj  used  nn  t!io  rMlwayg. 
!. — MonlerufOli,  in   tbe  Province  of  Pino. — Age,  LoH-er   Miocene,  lacustrine. 
Two  seams,  each  1  metre  thick.    Scarcely  worked.    Amount  available, 
400,000  tons.    Qnality  poor  and  friable ;  nselcsa  for  locomotive*  unless 
miied  with  other  coal. 
8. — Murlo,  Province  of  Sienna. — Age,  Lower  Tertiary  (Eocene  ?).    Three  seams 
1   to  6  nietrcD  thick.    Annual  prodnction,  4,000  tons.    Amannt  left  in 
1880,  700,000  tons.     Qnality  second  rate,  but  used  an  the  railway. 
8. — CaiUtiuiova,  in  the  Val  d'Amo  (Province  of  Arrazo).— Age,  Upper  Tertiarj. 
Tliick  beds,  someliincs  25  metres  or  more.    Annual  prodnction,  40,000 
tons.     Amount  left  in   1880,  20,000,000  tons.     Quality,  a  brown  woodj 
lignite,  requires  drying,  but  can  be  used  for  locomotivci,  ■ 

10. — Spotelo,  Province  of  Perngia,— Age,  Upper  Tertiary.  One  seam  only,,,BH 
metres  tliick.  Scnrccly  worked  jeL  Amount  avuioblo,  1,000,000  t«aH 
Qnality,  a  woody  lignite.  ^^M 

II.— T'al  OtiHdiao,  Province  of  Burgaino.— Age,  Upjier  Tertiary.    Several  scams, 
of  wbieli  one  only,  8  metres  thick,  is  worked.    Annual  production,  8,000 
tons.     Amount  left  in  1380,  5,000,000   tons.     Quality  like   tliut  of   the 
Tal  d'Amo  (No.  H)  ;  nsed  in  various  local  factories, 
18. — Garfaguaaa,  Province  of  Massa- Carrara.— Age,  Upper  Tertiory.    Scsma  m 
jet  worked  in  1880.    Aniouiit  available,  2,000,000  tons.    Quolitjr  h 
but  often  block  lignite. 
To  tiiese  lignito  basins  four  to  live  million  tons  of  good  workable  peat  n 
luldLd. 


HINEJU.L  OILS  OF  CENTItAL  EUROPE. 

yotlce  lur  Ifi  giiemenli  pelruli/iret  de  r Europe  Ctnlralt  H  flude  tpMalt  det  g<at- 
menlt  du  Sard  de  I'AlUmagne.  Bi/  L.  PreDWElTF.  Reeite  VnirrrtelU  det 
3tintit  lie.,  Str.  2,  Vol.  XHT.,  pp.  B7-76,  Gll-651,  toiih  Four  Mapi. 

Tho  principal  oil-regions  of  Central  Europe  are :— The  gtent  plain  of  Nurth  Ger- 
luuny,  eiteiidiiig  over  Hanover  and  part  of  Brumwick  i  the  wenteni  portion  of  the 
plain  nf  tlie  Upper  lUiiiiG,  from  Wonus  to  Bile,  at  the  foot  of  the  Kaatcrii  VoEge«i 
and  in  tlie  Carj«tliians— on  their  Dortbeni  alupei  towarda  Oalicia,  Knd  on  tlieir  southern 
towards  Hangary.  In  these  tUree  districts  traces  of  oil  are  fimnd  in  all  tlio  iienneable 
roclu  of  Tewnt,  I'ortiar;,  and  Cretaceous  ago,  of  which  the  surface  is  formed.  Benides 
these  larger  oil-bewing  tracts  several  other  ocourrances  Bre  Ituown.  In  tho  Tjrol  the 
St>  Qiiirin  oil'Wcll,  on  the  banks  of  the  Tegemseo,  has  been  worked  for  centuries  for 
medicinal  purposeg.  Other  springs  of  the  same  kind  liovc  been  discovorwl  in  Northern 
Itul.v,  in  the  neighbourhood  of  Itolognft,  and  man;  in  Itouinania.  The  well-known 
asphult  dupoeits  in  Western  Switzerland  are  perhaps  an  indication  of  tho  presence  of 
petrolenni. 

Tlie  concludinK  part  of  the  paper  girei  %  detailed  deBcri|)tion  of  the  oil  deposits  of 
Liininer,  near  Hanover  and  Sebndo,  to  the  south  of  Lehrto;  Wietiie  and  SteinfUrde; 
Oclbeiui,  Ocdesse,  Eilesse,  mid  Fisseuberg ;  Oberg  and  Oelabnrgi  of  Alsace  and  tbo 
Upper  Rhine  Valle;-  A  more  general  account,  condensed  from  Strippolman's  work  on 
tho  subject,  is  given  of  the  Oalician  deposits.  Tho  general  ranclanon  arrived  at  hj  tlie 
anthor  in  ever;  case  is  that  the  oil  comes  originally  from  t!ie  beds  of  Uiddle  and  Upper 
Trias,  the  Muschelknik  and  Keoper,  whatever  be  tho  geological  age  of  the  ovcrijing 
rocks  in  which  it  is  now  found.  Pages  637  to  654  are  devoted  to  proving  tiiis  ixiint  oil 
geological  and  especially  on  ehemical  groniida.  The  latter  lead  to  the  belief  that  the 
petrolenm  is  due  tn  Oia  decomposition  of  the  animal  organic  matter  which  mast 
have  been  prewnt  in  vast  qnautiliea  in  the  thick  shell  beds  of  the  Middle  Tria&— the 
Mu>chelknlk.  0.  A.  L. 


URAZILIAN   DIAMONDS. 

Sar  lei  Oltei  diamantiflret  dtt  eenfre  de  la  province  de  Minat-Qerae;  Braiil.    Bg 
Pbofebsob   Goboiix.      BnlMi*  de  la  Soei/ii  Otologiqytt  de  Fra%ee,  Ser.  3, 

rot.  X.  pp.  13*.  ia5. 

At  Cocaes  (60  kilometres  north  of  Ouro-Preto),  CnnceicSo,  and  Diamantina,  dia- 
monds are  found  in  alluvial  deposits  associated  with  rolled  fragments  of  Titanium 
Qiides,  ilmenite.  tourmaline,  qnartz,  hjdrated  chloro-phosphates,  iron  glance,  librolite, 
altered  pyrites,  disthene,  manganese  oiides,  magnetile,  et<^  All  minerals  found  asso- 
oiated  together  in  (jnarti  veins  belonging  to  the  earlier  group  of  quartiilea  of  the 
region  (Pre- Devonian).     Diamonds  are  themselves  found  in  these  quartiites. 

At  San  Joan  dn  Chapada,  30  kilometres  west  of  Diamantina,  diamonds  are  worked 
in  beds  of  claj  which  alternate  with  green-mica  qnartzites.  In  this  loealitj  the 
diamonds  are  undonbtedly  ih  lili,  and  show  no  trace  of  wear.  O.  A.  L. 


MAN0ASESIPER0U3  IRON  ORE  IN  THE  PYRENEES. 


Sapporl  ,ur 

12  pp.     Ont  Plait. 


defer  oxydi  mangaa^njire  d'Etooumpf,  CommimK  de  Ifyer 
aletj.     By  Theododk  Vigtar  p'Aorai,     Pari;  1882,  4to. 


A  rtiport  nil  tlie  Escoiiiiipit  mnii^nesifpruus  hematite  n 


o!  a  brit 

Diifr^Doj 


K  tlie  bnsD  of  thp  Cdiiigau  r&nge.    Tke;  axa 
sUtod,  uftucintvil  with  graiiitti.     On  the  contrary,  tho  orc-1>eitring  vfui»  occur  in  one 
tlie  calrareoos  annes  of  tlic  Siluriau.    Granite  occurs  only  some  dtgtanco  south  of  Nji 


COAL  ON  THE  KISTN4  (INDIA). 

a  the  lappoted  occurrence  of  coal  on  the  Kiatna,      Bg  H.  E.  MsDUCOTT, 

Sccordioflhe  Qenlogicat  Surceg  nf  India,  Vol.  XV.,  pp.  207-216. 


i 


Since  1650,  the  reputed  diaCovLiy  of  coilI  uuiLr  Ja^Hjapet,  in  the  Kislna  diitrict  of 
MaJris.  hiu  twen  ropcstcdljf  brought  to  the  notice  of  tlie  Govennnent.  The  full  dctiula 
of  tho  history  of  Ihii  supposed  find  by  Genaral  Applegarth,  ftud  of  the  subsequent 
cnqoiries  into  the  matter,  are  given  in  this  official  report  to  t1ie  Goienior  of  Madras. 
It  is  clearly  sbown  that  no  coal  has  heen  proved  to  occur  in  the  locality,  aud  that  the 
rocks  there  are  luoh^uf  transition  or  Lower  Vindbyun  nge,  and  theruforo  inocb  older 
than  any  of  tho  oo«l-boarinK  formations  of  India— as  to  preclude  any  hope  of  any  being 
found.  A  note  at  the  end  rf  cIib  paper  (p.  SIB)  stales  that  the  OoTeraiiient  of  Hodtaa 
baa  fiuallj-  decidi'd  not  to  ru-npen  the  question.  Q.A.Im,    -m 


INDIAN  IRON  ORES. 
On  the  Iron  Ortf  and  Salnidiarg  MaferlaU  for  the  Manitfaclure  of  Iron  (n  the 
North-eaitern   Pari  of  the  Jabalpvr  Distnet.      Hg  P.  II.  Malmt,  F.G.S. 
Jtecordi  of  the  Geological  Sureef  of  India,  Vol.  SVL,  pp.  04-115,  vit\  a  Map. 


The  workable  ir 


'e  thus  classified  by  the  ni 
I  Schistose  hu 


,.  <  Jasper  hamatile. 

I  Semi-oclireous  hamotitfl. 
( Uangaiiusiferoas  hematite. 


Latkiiite  Obes 


I  2.  Hamatile. 


The  iiecassary  llnxes  for  smelting  the  ores  are  present  in  the  Lower  VindUyan  lime- 
stone, the  Lameta  limestone,  and  an  aluminous  variety  uf  Uterite.  Dolomite  is  alio 
abundant,  and  would  he  useful  for  lining  converters,  should  the  occurrence  of  numgn- 
nesifermiB  ore  suitable  for  the  prodnction  of  spicgeleisun  l«ad  to  Bessemer  steel -making 
and  the  adoption  of  the  basic  process.     Fire  clay  is  also  known  in  the  region. 

The  report  concludes  by  urging  the  advantages  of  Miirwdra  as  a  site  for  tatuio 

Analyses  of  the  ores  and  Itiiies  arc  given. 


a.A4H 


THE  UMAKIA  COAL-FIELD  <1KD1A). 

Ftir-tker  Solet  o«  Ihi    L'maria    Cuai-Jtld   (South  Eeieah    QonSaana  BaiinJ.      By 

TnKo.  W.  H.  Hl'qhks,  A.B.S.M.,  F.0.8.    ReeorS^  of  the  Qeological  Survtg  of 

India,  rol  Xri..  pp.  lis- 131. 

Bcporti  pro^psa  as  to  boring  and  shnft-KinViitg  tn  prove  tbe  s«anis  of  this  eml- 

field.    Two  fleniiis,  10  feet  aud  fi  feot  thick,  were  paisaod  l.IirongU  in  a  honag  (No.  il). 

uiil  another  of  guod  ijualit;  it  being  workid  by  means  of  nn  incline.     Tliis  nenni  is 

i  fret  B  inches  thick.    The  sliaft  had  ouij  reached  a  di-]itli  o£  40  feet,  and  had  not  jet 

itmck  cool.    Section*  of  No.  9  bore  aud  uf  Ibe  team  worked  are  given.        O.  A.  L. 


MINERAL  RESOUKCES  OF  MANIPUR  AND  NAGA  HILLS. 
Seporl  on  the  Geology  of  parlt  of  Manlpur  and  the  Naga  SilU.    Bfi  It,  D.  Ol.nnAU, 
A.R.8.M..  Memoirt  of  lie  Geological  Surveg  of  India,  Vol.  XIX.,  pp.  217-2^. 
Out  Ptaii  and  ihrtt  Mapi. 
This  region  was  all  but  unknown,  as  regards  its  geologj,  before  the  exploration  of 
which  this  is  the  report.    Althoogb  it  is  somo  1,800  aqnare  miles  in  area,  it  is  poor  in 
niinernU  of  economic  importance.    The  following,  however,  are  recorded: — 

Iron. — Occnrs  as  a  workable  pisolitio  limonite  (bog  iron  ore),  inlfrmixfd  with 

cla;  in  the  iwampj  alluvia]  hogs  of  tlie  district.    South  of  Thobal,  tilani- 

fcrons  iron  ore  is  stated  to  be  present  ia  tho  stream  deposits.    A  description 

of  the  iron  famace  in  use  by  the  natives  in  Hanipur  is  given. 

Copper. — "  Is  worked  in  tbe  south-eajt  comer  of  Manipnr  territt)ry,  the  ore  being 

obtained  from  the  bills  bordering  the  Kubo  Valley." 
Oold. — "  Is  worked  in  tlie  sands  uf  tbe  Ningthi  River." 
SaU.^li  tjilerahly  abundant  and  is  worked  by  means  of  brine  wells. 
Edible  EnrlA  and  a  very  scanty  snpptj  of  Limeatoni  for  lime  burning  cntnplvt« 
the  list  of  economic  mineral  deposits.  Q,  A.  L. 


CRETACEOUS  COALS  IN  THE  KBASU  HILLS. 
Koie  OH  the  Cretaceout  Coal-Measurei  at  Boraora.  in  the  Ehaiia  HilU,  aear  Laovr, 
IB  figlhet.     B,'/  Tom  D.  L*.  ToFcnE,  B.A.     Rtcordt  oflhe  Otologicat  Survey  of 
India,  Vol.Xrl.,pp.  161-166. 
A  section  of  150  feet  of  sandstone,  including  three  scams  of  coal  (four,  tfaree,  and 
throe  feet  thick  respectively),  is  described  as  oceorring  beneath  tlio  Nuuimnlitic  !iuio- 
stono,  at  tbe  foot  of  tho  Kfaasia  Hills,    The  coal  is  of  eiceUcnt  quality,  and  is  very 
&vourably  situated  for  wiuiiing.    Tho  analyi^es  are  given  as  follows : — 


Moisture 
Other  volatile  m 
Fixed  CBTbon 


mlfo.l, 

5'84 


Tbe  age  of  the  coal-bearing  beds  is  Cretaceons  and  the  same  as  that  of  the  Gsro 
Hills  and  tho  small  basin  of  MaobvUrkar,  but  distinct  from  tlmt  of  the  Chcrrn- 
Poanjee  cooL  0,  A.  L, 


GOLI>TIKLUS  OF  MYSORE. 

A'ol^M  on  a    Traftrit  afroii  lamt   Oold-fteldi  of  .Vgiorf.      Bg   U.  BarcB  Foom. 

F.a.S.     Stcardi  ofth.  Geological  S«reeg  of  India,  Vol.  Xr.,pp.  191-220,  mtk 

SKlioo  and  Map. 
Tbe  t^'ingj  ot  tho  regian  travonod  cnntists  eiscntioll}'  of  &  few  nartli  and  soutb 
foldi  uf  fcliittoiic  rocks  ovcrljing  will  aqiieczed  in  betweon  the  general  g'rauitk  masi 
which  forms  the  prcvBiliii^  roek  uf  the  eoiiiitrj.  The  gold-SctiU  coiuclde  Hitli  the 
■uhistoM  hindn,  and  sro  (in  order  from  «iut  to  veti)  :— 1.— The  Kolar  Kold-Held  band, 
which  ia  [he  bent  known,  uumC  fiillj  deKribod  ir.  this  paper,  iu)d  that  cautaiuiag  mutt 
Tcef-working  gold  miaes.  2.— The  Damlnl— Chiknafakan-huUi  baod,  cutn]n-uiiig  tho 
Danibal  gold-field,  where  gold  occur*  bolh  in  reef«  and  in  the  auperficia]  depomu. 
3. — The  l)h*T^ar-!ihimagK  band,  in  which  the  achisti  are  chloritic,  interbeddud  with 
qoartiites  and  aMociatad  with  very  tliitk  and  coarac  DoogloDneratei  (the  "gn»t  con- 
glomerate*" of  Kal  Drag,  Phillur  Uudda,  and  KalvB-Ranganbetta).  The  Hoiiiiali 
g^lhl'ileM  a  aituntcil  among  thia  clilciritic  fchiit  and  (jnartzit?  aeries,  and  compriwa  n 
larKC  nmiibLT  of  important  qnartx-reefs,  whelioc  the  gold  in  the  thiek  red  mil  of  the 
Ion-  gmuiid  i«  derived. 

lutroaive  trap  rockB  occur  in  the  Kolar  tohistii.  and  will  prove  funnidahla  ol 
to  reef-mining  in  ume  part*  of  that  Held.  U.  A.  L..fl 

SULPHCH  IN  THE  CAUCASUS. 

QiaoinunU  lolfiferi  del  Caaeaio  e  toro  comfroiilo  eon  quelli  di  Sieltia.     Sy  1,.  Bal- 
Dicoi.    SoUetiao  dtt  B.   Comilalo  geologica   d'llalia,   Sir.  2,   I'ol,  £}'.,  pp. 

iG-ao. 

Tlie  Bu1]>hur  dejxwita  de«cribcil  are  worked  on  the  Ebioutt  Moniituu,  abnnt  TO  kilo- 
metres from  the  |iort  uf  Pctrowak,  on  the  Caipian  Sea,  and  47  from  Temir-Khan- 
Taehurs,  in  Daghoatan,  and  not  far  from  the  coiiflaencc  of  the  Hiver*  Koiwn  d'Audii 
and  Avarc.  Thej  lie  about  two- thirds  of  the  way  op  the  moDntuiQ,  at  a  height  of  1.700 
metres.  The  itrata  are  vcrj  ri^ar  and  their  succession  is  rer;  distinct  ou  the  ^loep 
■lope  of  the  monutain.  The  sulphur  bed  is,  on  an  nvcragc.  I'GO  metres  tliirk.  and 
occurs  among  limestones  and  marUof  Lower  Crotaceoos  (perhaps  Gaalt)  age.  fljpstim 
is  also  associated  with  the  deposit. 

Baku,  the  great  centre  uf  petroleum  production,  is  the  mackct  to  which  the  sulphur 
is  brought,  6/100  barrels  being  used  there  per  annum  for  the  manufacture  of  sulphuric 
acid  UBcd  in  refiuing  the  mineral  uils.  The  erti^iit  of  the  deposit  at  Klituntt  limits  the 
local  production  of  sulphur  to  about  this  amount  wliich,  tho  writer  points  out.  is  barelj' 
oiie-Kfticth  of  the  snlphnr  output  of  Sicily.  fl.  A.  L. 


lE'PEK  DEiniSlTS  OF  ITALY. 


^omOoaEj 


Svi  glaeiateuti  eupriferi  in  Italia.      S/i  Db.  Kd.  Ukteb.     Bolltlim 

grologico  dJIalia.  Ser.  3.  Vol.  If'..  1«S3,  pp.  34-38.  Sm  aUo  Btrg-  nnj 
Hiille»manniicke  Zeilungfor  1882.  Aik  49. 
The  capper  ores  of  Italj  are  found  associated  with  the  basic  eruptive  rocks  of 
Upper  Cretaceous  and  Tcrlinrj  age.  Thcj  oecur  in  four  positions: — 1.— Disseminated 
in  the  emplivo  mu*.  2. —  lu  veins  in  the  trap.  8.— As  contact  veins  between  different 
ernptiro  massct^.  4.— As  conUct  veins  between  trap  and  aedimcntary  rocks.  Depiuils 
of  the  sceiii.i1.thiid.nud  funrlh  kinds  are  often  much  diiilocBted,  and  tliose  von*  which 
are  brecciated  are  parti  culurl.V  riuh. 


1 
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RUSSIAN  PEAT. 

La  Tourhe^  son  exploitation  et  ton  emptoi  indvstriel.     By  Gbosgrs  db  Cuypeb. 
Revue  Unicerselle  det  Minet,  etc.y  Ser,  2,  Vol,  XIIL,  pp,  518-551. 

Peat  deposits  occar  in  Russia  in  fortj-flve  Governments,  and  occupy  a  workable 
area  of  about  100,000  square  versts.  The  Governments  of  Moscow,  Novgorod,  Riazan, 
Nijni-Xovgorod,  Orel,  and  some  few  others  in  the  south,  are  those  in  which  it  is 
most  prevalent.  Tlie  methods  of  working  the  turbaries  adopted  at  Koulebaki,  in  the 
Ardatof  district,  are  described,  and  details  given  as  to  composition,  cost,  economic  value 
for  railway  purposes  and  others.  The  following  comparative  table,  amongst  others,  is 
given : — 


Fuel 

Price  in  Roubles 

and  Kopeks  per 

100  Kilognunmes. 

Heating  power  of 
1  Kilogramme 
in  Heat  Units. 

Price  of 

lOOJOOO 

Heat  Units 

R.K. 

KopelcB. 

Anthracite     ... 

1-20 

6,300 

19 

» 

ro2 

5,500 

18^ 

Coke 

•84 

4,700 

17T»a 

Wood 

•54 

2,800 

19A 

Peat 

•66 

8,800 

17A 

The  i)aper  forms  part  of  a  Report  on  the  1882  National  Exhibition  of  Moscow. 

G.A.L. 


NAPHTHA  AND  ITS  PRODUCTS. 

Le  Napthe  et  »e*  Produitt.    JBy  Gbobgbs  db  Cuypeb.    Revue  Univereelle  dee 

Mines,  etc.,  Ser,  2,  Vol  XIII.,  pp,  552-563. 

This  paper  also  forms  part  of  a  Report  on  the  1882  National  Exhibition  of  Moscow. 
The  principal  deposits  of  naphtha  in  Russia  are  in  the  Taman  Peninsula,  in  Daghestan, 
in  the  Peninsula  of  Apcheron,  in  the  Kouban,  in  the  island  of  Tchelekenne,  in  the 
country  round  Chamakhi,  Chanchi,  and  Tiflis,  all  along  the  line  of  railway  beyond  the 
Caspian.  There  are  fewer  naphtha  springs  in  the  interior  of  Russia,  but  some  are  known 
in  the  Governments  of  Samara,  Simbirsk,  Kazan,  and  others.  In  1877  the  production 
of  naphtha  reached  15,000,000  ponds,  at  half  a  kopek  per  poud.  In  1877  the  figures  are 
37,000,000  pouds,  at  two  kopeks. 

The  products  of  naphtha  are : — 

Deg.O. 

Cymo^tfji^,  a  kind  of  ether        with  boiling  point  at  0 

J^At^o/entf,  a  less  volatile  substance      „  „  18 

Light  oils  (including  Benzine,  Astraline,  etc.)  „  „  15  to  120 

fero^n«  (refined  petroleum) „  „  120  to  300 

Lubricating  oils. 

Paraffine^  used  chiefly  for  candle-making. 

Vaseline. 

Coke,  possessing  great  heating  power,  and  burning  as  well  as  the  best  coals. 

G.  A.  L. 


MINBBAL  STATISTICS  OF  BUSSIA  AND  FINLAND. 
Statiitiqnedtri»diulri^min^raUenliif>ifcleitFi'>l'>ade,lSSl'SS.    Anon.    Ser-e 

UniteruUe  dtM  Minn,  elc,  Sm:  2.  i'al.  XII!.,  1883,  pp.  604-667- 
Reprwluce*  tlie  following  insults  of  tlio  officiitt  reports  respecting  the  mi&cnl  pro- 
dnrtiou  of  RiiinU  dnrinR  tlie  year  1881-82  (rrnin  M»j,  1881.  to  Mmj,  1882).    Tlie 
weiglit*  nre  given  in  pmdi  (1  poud  —  16-33  kilograimoes) : — 

8bavlat.  vbn  ooDBand 

Willi  im-n 

Gold       ...         , S.Sli  ...  mdotrewe. 


Silver      ... 

676  ... 

LCMl          ... 

60,218  ,., 

Copper   ... 

Sll.466  ... 

Zinc 

277,641  ... 

Tin 

601  ... 

Iron 

B8,073,SS4  ... 

ConX— 

Dunetx, 

91,298,166 

PDland, 

86.774.707 

Moscow, 

23.426,304 

UnU, 

10,031.292 

Other  huini 

,  2,728.108 

213.2S8,477  ... 

N»phth. 

40.474.731  ... 

Potrolaum 

12.8-10,(i67  ... 

Chromile 

150,3«  ... 

686.106  ... 

Sniphnr 

6,479  ... 

S»lt        .,. 

50,734356  ... 

QUubcr'i  taltJ 

106.S35  ,- 

se  of  more  thftn  800  pi 
n  incremw  of  4,000 

n  decrease. 


COALS  OF  I.STRIA  AND  DALMATIA- 
Hole  nr  eertaim  eomhmti&lei  lerlieirti  ie  Vlttne  rl  drla  Dalmalie.    By  - 
Annalei  dei  Minai,  Str.  8,  rol.  HI.,  1883,  pp.  200-233. 

The  lignites  ivorkcd  in  DnInmCin  bclatig  to  the  Upi«r  Nuuimnlitic  Eone 

therefore  of  Eocene  age-    Tbo  chief  loculltic*  are  Monte-Prima,  uear  Denii^  w  

sesni  8  or  9  metres  tliick,  on  bu  avorago,  is  worked  in  a  suikll  wk;  i  Dnbroviiik  mai 
Vclik»Klava,  where  eii  sennis  tie  known,  i,t  which  two  only  (2'20  And  I'W  In(^t^1s 
thick  ropectively)  h&ve  yet  hi'en  worknl.  lu  nil  Ihrcc  lucaltties  thu  ligidtv  produces 
only  8  to  6  per  cent,  of  ruh,  but  coutoiiii  a.«  rancb  us  17  per  cent,  of  Biilphnr. 

The  latrlon  localities  are -.— Alhma,  where  the  lignite  occurs  at  the  base  of  tbc 
Eocene,  iuiniediat«ly  overlying  the  Hippnritic  Limestone  of  the  Cretaceous,  nud  where 
three  seams  of  very  variable  thickness,  reaching  in  eodi  case  frgin  3  to  4  metres, 
are  worlcod;  Drittof  and  Skolle,  with  two  or  thnw  teams  of  nimilar  eharncter.  TTic 
analyses  of  tbese  lignites  which  are  givun  show  30  per  cent,  of  volatile  mutter,  Oo  2  of 
fixed  eaiban,  9'8  of  sulphar,  and  21  of  ash.    Its  coke  is  of  remarkable  hardness. 

Abont  CO.OOO  or  60,000  tons  of  these  lignites  are  worked  yearly,  thrir  market  be!n| 
Finme.  Pola,  Triestis,  Veuicc,  Anciins.  and  other  Adriatic  ports. 


&-U^^ 


SEO  DE  UKGUL  COAL-FIELD  (N.  SPAIN). 

Carbon  de  la  Seo  de  Urgel.     RevUla  Minera  y  MelalirgUa,  Srr.  C,  Vol.  I.,  1SS3, 
p.2Z5. 

Brief  account  of  the  Naviu^a  cool  deposita,  at  the  foot  of  tbe  aouthcm  or  Spanish 
stopi-  of  the  Pjreucei.  50,000,000  tous  of  worluible  caul  are  sud  to  be  nvitilaUle  In  the 
ncighhonrhnod  of  the  Sco  do  Ui^cl  mines.  Tlic  coal  ia  a  dry  aathracilt^,  free  from 
golphur,  barniiiff  with  a  abort  Uaina,  and  liaving  a  culoriHc  jiowcr  of  7,000,  A  fuller 
acconiit  of  this  eoal-flold,  entitled  "  Cuouca  carbonifeta  de  Seo  de  Urgel,"  had  been 
publiihed  b;  Don  Ldis  Uasiano  ViDAr,  8vo,  with  plates;  Sarcelona,  1S83. 


THE  MINISO  REGION  OF  MAZARRON. 

La  Coinarca  minera  de  Mazarron.    Hy  E.  B.  C.    Reniila  Uinem  g  MelaHrgica, 
Ser.  C,  Vol.  /.,  1883.  pi>.  132-13E. 

A  brief  generai  account  of  the  inetalliferons  reaonroee  of  this  part  of  Spain.  Occd- 
pfiDg  a  bolt  of  country  some  isn  liitumetrea  in  breadth,  and  eitending  from  the  ooaat 
at  Cartbageim  to  the  interior  of  tbe  province  of  Alineria,  is  a  network  of  veins  rich  in 
iron,  lead,  ulver,  and  alniuiiious  mitieTals.  These  veins  mn  in  fonr  principal  directions, 
were  formerly  largely  and  proHtably  worked,  and  the  author  deplores  the  want  of 
enterprise  which,  he  contidcra,  alone  prevents  their  being  still  more  extensively  opened 
out  at  the  present  day.  The  amount  of  ore  still  available  is  probably,  he  states,  very 
large,  and  only  needs  thorough  exploration.  Tbe  veins  are  intimately  connected 
with  eruptive  masses  of  porphyritc,  diorite,  sorpetitinc.  trachyl«.  and  hattalt,  intruded 
amongst  the  PiilEeozoio  rocks  ivhich  form  the  stratilied  fniinework  of  the  region. 


Yaeimimtto  del  ptlroleo. 


INDICATIONS  OF  PETROLEUM. 

—  OxueiOis,    Renitta  Minera  y  Metalirgtea,  Sar.  C, 
Vol.  I.,  1883,  p.  239. 


detecting  the  presence 
important  streams. 


Tbe  followiug  are  given  as  tbe  indications  most  relied  ot 
of  petroleum  in  Canada  and  Pennsylvauia  :^ 

1. — Proximity  of  volcanic  roountMns  and  preaonee  of  i 

2. — Flora  of  salt  soils. 

S.— Existence  of  the  Upper  Coal-measures. 

4. — Presence  of  solphurous  and  salt  veins. 

6. — Emaimtinns  of  carbonic  acid,  sulphnretted  hydrogen,  and  other  gases  of  mo 

complex  composition. 
B. — Irideseeut  waters  at  all  temperatores,  and  during  summer  the  surface 

la  covered  with  greasy  matter. 
7.— Lastly,  the  presence  of  bituminous  substances  in  a  viscous  state. 
Tha  aboTs  are  said  to  be,  in  tbe  conntne^  named,  the  eoHStaiU  signs  of  petroleum. 

(I.A.L. 


COBALT  AND  COPPER  ORES  OF  r.EON. 

Criadrroi  di  Cobatio  g  Cobre  en  laM  inmediaeiane*  dt  Villaaa»iii,  FroviHci 

By  R.[amon]  A.[dA!(]  dS  Y.[i»SA].     B™i(o  Minera  y  Medilirsica,  8tr.  i 
Vol.  I^  1883.  pp.  358-359. 

The  anciont  IciDgdom  of  Lenn  U  rich  in  limestone  tocIu  of  Devonian  igc.  Hoch  c{ 
tlii»  limo»ti)ne  is  altered  Into  doli]uiitC|  and  tliis  inetainurpliism  bu  taken  place  in 
directions  pnrallel  to  thi!  strike,  aa  it  it  were  due  (a;  the  autlior  belierea)  to  tns^neai&n 
thermal  spring  makirig  their  wo;  npwards  along  the  plaiiea  of  beddiuf^.  This  action 
was,  it  is  shown,  accompanied  in  certain  localities  bj  the  deposition  of  metalliferous 
□re*.  Thus  the  dolomitio  zone,  situate  to  the  north  of  the  Villamauin  Station  on  the 
North-Weitcm  Uoilway,  stid  which  can  be  tnuwd  for  many  miles  mnning  E.  20=  S. 
and  W.  20°  N.,  and  coinciding  with  the  strike  of  the  beds,  is  marked  h;  the  constant 
outcrop  of  rock  allowing  more  or  leu  blue  and  green  csTbonalos  of  copper  and  black 
oxide  of  cobalt  in  the  form  of  dendrites.  The  richness  of  the  impr^^atloni  variei 
grenti;,  froin  a  mere  trooc  to  30  per  cent,  of  almost  pare  grej  copper  ore.  Tlic 
La  Profntidn  Mine  is  working  these  depositg.  G.  A.  Ii. 


IliON  ORES  OF  BISCAY. 

Criadtroiiithierrode  Vitcaya.     R/f  Iqnacid  Oorn'*ga.    EtBitla  Minera  g  Metalir- 

ffiea,  Sur.  C,  Vol.  I.,  18H3.  pp.  296-299.  311-314,  328-329,  339-341.  355-358. 

Tlie  iron-mining  region  of  Biscay  is  divided  by  the  author  into  eight  districts 
which  are  described  in  the  following  order: — (I)  Sommorostroj  (2)  Oaldames;  (3)  So- 
puerta;  (-1)  Regato;  (5)  Abandnj  (6)  OUargfaUi  (7)  Oaldicauo;  and  fS)  Ooeniioa- 
Lunn.  Qcologically,  all  the  iron  ores  occur  in  the  Cenomanian  division  of  the  Crcts* 
ceous  series.  Tliey  are  generally  believed  to  have  been  deposited  hy  hydrothermal 
agency,  the  stderites  baring  been  formed  first,  then  tlie  red  haematite  from  the  last. 
and  lastly  the  remarkable  alluvial  ores  o(  the  conntry  derived  from  the  othen.  Tlic 
whole  region,  says  the  author,  may  be  regarded  as  a  single  vast  depoat  of  iron  ore, 
snbdivided  into  different  parts,  and  cropping  up  at  innumerable  point*  at  the  abovw- 
mentioned  horizon. 

The  different  varieties  of  ore  worked  in  each  district,  and  the  methods  of  working 
tham  are  described,  and  statistics  of  prodncti'iu  arc  given.  G.  A.  L. 


UELMEZ  COAL  UmES  (:^PA1X).  ^^M 

Minat  de  Cabeca  de  f'aea,  f»  Belnet.    Sf  FbakciscO  Ckooek  Lokiko.    StvUla 
Miittra  y  MttaUrglca,  fttr.  C,  Vol.  7.,  1883,  jifi.  478-^81,  49S-*86,  507-ES2. 

The  Cabeza  de  Vaea  Collieries  have  U'cn  open  slnc«  1790.  The;  are  worked  to  a 
depth  of  150  metres,  being  GO  metres  deeper  tlmn  any  of  the  other  mines  in  the  cnal- 
fleld.  Fonr  seams  are  sunk  through,  about  SO  metres  apart  from  one  another,  and 
dipping  about  72  dfg.  to  the  south  west.  Of  these  seams  the  first  and  fourth  only  are 
workciL  The  workings  in  No.  4  extend  for  a  distance  of  tn*u  kilometres,  varying  in 
thickness,  but  five  metres  on  an  averoge,  Tlio  other  seam  is  more  irr^ular,  tlucketiing 
and  thinning  so  ai  to  form  a  auccossiou  of  lenticular  masses,  with  an  avenge  of  S'o 
metres.    There  are  three  pits. 

The  Qiclhuda  u£  working  uie  i lt.v  fullj-  dcseriheil,  G,  A.  L, 


G.A.  L.     J 


CALIFORNIAN  CINNABAH  DEPOSITS. 

Lot  criadenu  dt  ciaairio  de  Cai'fornia,  Nevada  f  Virginia.     By  KiMON  A  dan  db 

YabzA.     SfP-ila  ilinera  y  MelaUurgiea,  Ser.  C,  Vol.  L,  1B83,  pp.  87-89. 

Siilpliide  of  mBTCorj  ocuiini  in  Califomm  aa  iuiiir^frmtjous  ohicHy  in  file  rock» 
furmin^  tliu  Coast  RHiige— •  zone  of  highly  nietajoorphic  b«ls  of  PsliBoxiiic,  CrBUcenug, 
Uid  Lower  Tertiary  age,  broken  throogh  bj  eruptive  massei  of  serpentine,  trachyte, 
basalt,  nnd  other  igtioous  ruclcB.  In  the  neighbmirhdod  of  the  mere  recent  volcaiiio 
mktter  gcysen,  aolf utunu,  and  otlier  gnseouE  and  hydrotheniuil  ennuialiiins  ure  frequent. 
The  Ciuntbir  iiupregnaten  any  of  the  rocks  of  the  conntrj  indifferently,  «uiiicCimBi 
forming  borizonCsl  mnsies  simalating  beds,  aometimei  lenticular  in  shape,  sametimet 
oCGurriug  In  etorfciverk  foini.  The  deposits  at  Nuevo  Almaden,  South  of  i^aii  Fran- 
cisco, Dciinr  about  the  junction  between  eru|)tive  serpentine  and  Cretaceous  beds.  At 
KedbgtoQ  Mine,  ubout  70  miles  north  of  San  Franeisco,  the  cinnabar  is  found  along  a 
simiUr  junction,  but  is  remarkable  for  its  association  with  large  masses  of  opal,  hyalit«, 
and  other  peculiar  forma  of  silica.  In  this  mine,  also,  much  carbonic  acid  gas  is  given 
off.  The  Solphur  Bank  deposils,  near  Clear  Lake,  further  to  the  nurth-wtiit  from 
San  Krauciscu,  are  closely  connected  with  recent  vulcanic  ejections,  thermal  springs, 
solfatanu,  and  gas  emanatiotis.  In  the  vicinity  of  the  mines  the  vegetation  is  incrusled 
with  sulphur  and  cinnabar.  Here  OK^n  opal  and  chalcedony  accompany  the  mercury, 
as  well  as  sulphur  and  hitumilioui  minerals.  At  Sulphcr  Springs,  north-eiiat  of  Borax 
Lake,  cinnabar  is  found  under  very  simitar  conditions,  bat  assuciated  with  ailTec  and 
gold. 

The  geyserion  phenomena  exhibited  in  Steamboat  Valley,  on  the  eastern  slope  of 
the  (Jordillom  of  Virginia,  eight  niiles  uortb-west  of  the  ton-n  of  that  name,  arc 
described,  and  the  view  which  connects  the  cinnabar  impregnations  with  hydrothcrmnl 
action  is  entertained  by  the  author  as  the  most  probable  ef  the  theories  advanced  to 
accoant  fur  their  origin.  ti.  A.  L. 


THE  ALMERIA  LIMESTONE  ORE  DEPOSITS. 

Criadrros  mtlaliferna  en  la  calita  de  Almeria.     By  Jfav  Piii  Y  Allfk,     Re^itla 

itinera  y  Melallirgica,  Ser.  C,  Vol.  L,  1683,  pp.  341-345. 

The  ore  depoiwta  of  this  district  are  well  represented  bj  the  lead  ores  of  Sierra  de 
Qodor.  They  arc  very  peculiar  in  many  respects,  being  ndthcr  veins  proper  nor  truly 
bedded  ores.  They  occur  in  tlie  limestone  only  (which  is  of  Triasaie  age),  being  limited 
below  by  the  underlying  slates  in  which  they  are  not  found.  They  have  a  very  low  dip, 
often  crop  ont  at  the  snrface,  and  when  they  do  not  are  directly  connected  with  it  by 
a  system  of  small  Bssiires  or  Cracks.  They  are  very  irregnlar,  thinning  and  thickening 
within  short  distances,  and  r>ccBeiunally  swelling  into  pockets  (boIaadoM)  of  enormous 
dimensions.  They  are  not  aecumpanied  by  ordinary  veinstulT,  spar,  etc.,  but  by  a 
sandy  earthy  breccia  or  conglomerate.  When  the  ore  is  galena  it  is  very  freo  from 
ulver.  There  is  a  distinct  parallelism  between  the  deposits  and  the  shape  of  the 
country. 

The  author  attempts  to  ciiplain  the  pecnliaritic*  above  enamerated  and  sundry 
others  of  minor  importance,  by  the  supposition  that  the  ores  were  deposited  by  miueral 
springs  in  cavities  (caverns)  previously  worn  out  of  the  limestone  by  the  percolation  of 
snrface  water  in  the  onliuory  way,  the  depoution  or  precipitation  being  due  to  the 
aoddau  release  from  pressure  and  heat  undergone  by  the  thermal  water  on  ascending 
from  lower  r^ons.  Tills  theory,  he  states,  is  consistent  with  all  the  facts  observed  in 
these  singular  accnmulations  of  ore.  G.  A.  L. 

/ 


«  THE  DURHAM  COLLIERY  EXPLOSIONS  IN  THE  FIRST  MONTHS 


Note  tur  lu  rxpleHoiu  dt  griioa  mrp 
premii-ri  moU  de  1882.     Par  M 


OF  1882. 

I  Jaiu  U  hatHK  de  Pur\am  penttaiU  Ut 

:.  W iLcKKSASa,  lagJaUiir  da  Mian.   AntaUi 
da  Mint:  Sir.  8,  Vol.  lU..  1883,  py.  ai7-289. 

Fire-damp,  says  the  anthor,  i-fintinmM  \o  be  fatal  in  Englftnd.  In  two  mnnUa 
(IGth  Febnisrj  to  19tb  April)  the  Durliaui  coul-fldd  witneued  three  cxploBions,  result- 
ing in  119  dc&tlu,  and  these  arc  inveatiftatitd  aa  followB  :— 

1.— TaiMiios  Gbasob  Explosion,  IGth  Febbdabt,  1833. 

Tlie  accident  occurred  in  the  Harvcj  Smud,  nnd  a  plan  ii  appended  (Plat«  III.) 
ihowiiig  the  mode  of  working  to  be  "lang-tralL"  The  Urge  nnmber  of  door*  (rii.  52, 
with  6  re^ilatoTB  Bud  4  croiungs)  ia  poioted  oot,  a»  well  aa  the  stopping*,  etc..  and  the 
commnaication  with  Eait  Hetton  deaoribcd.  Veotitstiaii  waa  effwtod  h;  furoace.  and 
gave  a  total  vnlnme  in  the  Harvey  Seam  of  44,750  cubic  feet  per  miiiate.  The  aeftm  was 
inoderatelj  Sery  and  very  dastj,  tbe  roads  being  watered  where  abaolately  nccessarj  ( 
Dal-;  lampa  were  alone  uaed.  Although  the  barometer  aud  thenDometor  did  not  appear 
to  Iiavc  had  mudl  influence  at  the  time  uf  the  explosion,  it  was  observed  that  the  roof 
had  become  very  had  prior  to  the  explosion.  Deatli,  in  all  hut  15  or  16  cu«s,  appesn 
to  have  been  the  result  of  nfter-dampi  tlie  total  number  of  victimH  bdng  69.  After 
examining  carefully  the  different  theories  propounded  at  the  inquest  and  in  the  snb- 
•cqaellt  official  rejnrta,  tlic  author  submits  hii  own  conclnaiona,  and  confesaei  himsetf 
unable  ti>  rwrec  wilh  the  evidence  at  tlie  inqucat  au^pMting  concummcHa  in  a  fall,  a 
■ndden  outburst,  and  an  open  light,  and  be  inclines  rather  tu  blame  the  lyatem  uf 
ventilation,  by  which  the  destruction  nf  crossings,  doora,  and  atojqnngB  increase*  the 
propagation  of  the  fire,  and  tends  to  aggravate  the  succeeding  effects  of  after-damp. 

These  concluaiona  are  practically  repeated  in  the  second  part  of  his  article,  via.  t- 
8.— TtTDHOB  (18rii  Afbil,  II 

With  the  addition  of  his  objection  to  mixed,  open,  and  saCoty  lights  in  a  fiery  n 
even  where  the  former  are  onl;  lued  in  the  main  intakes,  and  to  professional  evidence 
when  tendered  on  Ijehalf  of  owners.  In  this  ease  (see  PUIe  IV.)  the  ventilation  was 
mechanical,  and  is  dcacribcd  as  ample.  The  Brockwell  seam  waa  the  scat  of  the 
explosion,  which  occurred  in  the  night  shift,  22  being  killed  hy  homing  and  1$  \ 
after-damp.  The  mine  is  described  as  not  very  fiery,  but  very  dry  and  dotty. 
3.— Wbst  Stab  LSI  {19th  Aphil,  1882). 

Here  the  explosion  occurred  in  the  Busty  Seam  (Plate  T.)  The  venljlatiao  j 
effected  by  a  30-foot  diameter  Quibal,  the  aplit  in  the  Busty  Seam  bcdng  nearly  24,000 
cubic  feet  per  minutfl.  The  presence  of  gas  had  frequently  hccu  ascertained,  hnt  the 
author  describes  as  careless  the  mode  of  detecting  it.  Tlie  explosion  occurred  at  1  a.m., 
and  the  ventilation  ia  tlien  stated  as  good  and  the  lamps  apparently  in  order.  ISperiahrd, 
all  more  or  less  burnt.  The  conclusions  arrived  at  in  tlus  case  by  the  author  are,  that 
prohahly  two  of  the  men  ut  work  being  alarmed  by  seeing  or  hearing  gas  in  their  places 
rushed  with  their  lamps  through  an  explosive  atmosphere,  aud  thus  paased  the  flame. 
He  again  mentions  the  caution  with  whicli  professional  evidence  should  b«  received,  ■« 
it  often  has  a,  tendency  to  screen,  by  attributing  to  sudden  outhnrsta  or  some  other 
convenient  plia,  the  faults  of  the  mode  of  laying  out  or  working  the  pit. 

H.  Waxdekkjub  gives  his  general  summarr  and  review  of  the  causes  of  eiplocions 
in  English  mines  at  great  length,  and  amongst  many  other  points  criticised  by  him,  we 
find  the  disparity  in  area  between  the  inUkes  (engine  planes  and  rolleywsys)  and  ttw 
restricted  and  tortnoua  ratoma,  tlie  length  ut  the  splits,  and  the  incomplete  separation  of 
distriota  and  panels. 
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ON  8AFETY.LAMPS1  NOTES  ON  M.  MAESAUT'S  KXPERIMENTB. 

Sur  Irt  lantj/a  de  Siiret/  J  propoi  da  rtcenia  expirimnea  di  M.  Haksaitt.      Par 
MM.  Mallahu  et  Lr  CB4IBI.IBK.    Aiiitalei  da  Mine*,  Ser.  8,  Vol.  III.,  1883, 

py.  35-6B. 

M.  Marsaut,  enginwr  of  the  BessJges  coUkriea,  )uu  recentlj  piibliBlied  his  account 
of  his  uwn  eiperimeiiU  cni  Hufety-Umpa,  in  whicli  he  hM  aUIi^d  that  h  Meoseier  lamp 
ruveraed  will,  even  in  ttill  gas  (i.n.  inUniDUULMc  miituro),  coiuuiiiuical«  lUtnu  to  the 
■uiTDniiding  atmosphere. 

Having  bean  reqnestwl  by  the  Oovemuient  to  iiiveitigiitc  lii»  Bipariments,  the 
"Titers  submit  tlic  following  noti's; — 


Pbopaoai 


It  is  well  known  that  the  resistance  of  metallic  cloth  or  ganze  to  the  paiaago  of 
flame  is  in  inverse  ratio  to  the  vulocJtj  of  the  current  of  nir/aniiiM^  the  flame:  also 
that  the  more  the  nuiuber  of  openings  is  diminished  the  higher  the  veloeitj  of  inieh  lur 
will  be  through  the  meshes  still  accessible.  This  velocity  mny  he  designated  bj  V,  and 
depends  upon  the  area  of  the  meshes  of  the  gauie  and  the  mixture  of  air  aud  gas.  It 
has  been  found  b;  experiments  that  pit  gas  requires  a  higher  velocity  than  ordiuary 
iUnminatiiig  g;as,  in  the  proportion  of  Vi  to  1.  If  the  veloci^  of  the  air  current 
eiceeds  V,  when  the  inflamed  mixture  reacbea  tlie  wire  gauze  inflammation  is  at  once 
comronnicated  to  tlie  surronnding  atmospbere. 

These  principles  applied  («  ssfety-lamps  demonstrate  that  when  such  a  tamp  cnn- 
taining  pure  air  is  suddenly  carried  into  an  eiplnsive  mixture  (the  latter  in  a  state  of 
repose)  the  explosive  mixture  takes  the  place  of  the  pore  air  either  by  diifosion  or  hy 
the  movement  of  the  lamp  itself.  This  mixture  is  ignited  by  the  flame  of  the  lamp,  and 
will  not  commnnicate  with  the  oatride  Dalees  the  proportion  of  gas  and  air  is  of  the 
most  explosive  nature.  Should  this  be  the  case,  the  sudden  expansion  of  the  flame  will 
forc«  its  tray  through  the  ganie  independently  of  external  velocity.  If  the  lamp  is 
gradually  raised  into  an  explosive  medium  the  top  of  the  lamp  may  fill  while  the  oil 
flame  still  burns  with  fresh  air  until  contact  ensnes,  and  the  force  of  the  explosion  may 
also  canse  the  flame  to  [his  through  the  meshes  of  the  gauze.  These  points  were  not 
much  considered  until  H.  Marsaut  directed  the  atlenti<<n  of  miners  b)  Cheui. 

The  apparatus  designed  by  H.  Marsaut  for  the  purpose  of  proving  these  principles 
is  illustrated  (Plate  I..  Figs.  S,  10.  and  11)  and  a  full  description  given.  It  has  the 
advan'-oge  of  testing  1am)is  nnder  cimditions  nearlj  similar  to  those  which  might  be 
expected  in  working  use,  but  it,  at  the  same  time,  does  not  permit  of  a  constant  con- 
dition in  each  several  experiment. 

That  designed  by  the  anthers  is  intended  to  obiiate  the  defect  last  alluded  to,  and 
has  aiuwered  well,  being  easily  performed  and  uuderstuud.  The  results  obtjiiued  on 
different  Lunps  are  given  aud  summarised.  The  Mnueirr  being,  when  properly  con- 
structed, practically  safe.  The  Boig  lamp  is  considered  as  inapplicable  to  workings  in 
fiery  mines,  and  is  especially  uiuiafc  with  the  addition  of  a  chimney.  The  Daey, 
according  to  the  authors,  should  be  peremptorily  dismissed,  although  the  type  as 
modified  by  Dnhmlle  dues  not  explode  so  rapidly.  The  3laria%l  lamp  is  considered  safe 
with  double  or  triple  wire  gausos,  hot  is  too  easily  extinguished. 

In  cimclusion  it  is  suggesttKl  that  the  Davy  lamp  might  be  so  shielded  as  tJi  prevent 
external  currents  from  affecting  any  inlernal  ignition  of  explosive  atmosplieri',  and  tlii* 
lias  already  been  doue  in  our  own  district.  U.  P.  M. 


Kafii  mr  hh  noMrel  nppam'l  pour  ManirtieTr.  el  Calage  dt»  AigmtUt  de  Chang 

de    Vote,  par  km   Sail    Um'er  tgtlima   Dtjour.       Anoalti  dti  Mi»a,   S«r.  { 
Vol.  III.,  1883:  pp.  80-84. 

When  niilw»j  sutitches  are  placed  at  same  dist&ncQ  from  the  lever*  it 
impouible  tu  ucertain  bi  sight  whotber  they  oro  n-orking  properlj,  and  even  tlie  latest 
improvements,  (nch  aa  tliou  of  Saibj  and  Parmer,  Ktill  neoeuitnte  a  double  arrengv- 
ment  of  leTem,  etc. 

The  apparatns  designed  by  M.  Unjoar  penniU  ot  acting  bj  oue  lingle  movement  on 
the  awitch,  the  bolt,  and  th«  locking  bar.  and  hence  rennlta  econotnj  in  tint  coat  and  in 
the  time  of  the  nignalinan.  The  detuiU  ot  the  apparatns  are  minutelj  described  and 
figured  (Plate  II..  Figa.  1^).  The  railwa;  from  PariM  to  L;nn«  and  the  Mediterranean 
hai  adopted  the  system  with  great  snccess.  The  ])rime  eoit  is  given  at  200  fcs.  (£8)  us 
cumpared  wilh  340  ta.  (£13  138.)  in  Vigiiier's  sjsteni.  and  370  fu.  (£14  16s.)  in  tbe 
Saiby.  D.  P.  M. 


ON  ACCIDENTS  FROM  FIRE-DAMP  IN  PRUSSIA  FROM  1861-1881,  ^H 

Let  Aerideult  df  Griiou  arri«i»  e»  Prmn  de  1861  a  1881.  Far  H.  Hasslacbsk. 
CoHieHler  royal  dei  IfiHtt  i  Berlin  an  aom  de  la  CDnmiMtaa  dr  gritou, 
Extrait  par  M.  0.  Chsbneau,  Iiifffmmr  da  Mineti  An»aUt  det  Minet.  Ser.S. 
Vol.  ni.,  1883.  pp,  MS-462. 

Fnllon-ing  the  example  of  the  French  (^mmttt«e  on  Prevention  of  Accidents  from 
Fire-damp,  a  Pruiwian  Committee  was  formed  to  tabulate  syst^inatlcallj  anch  nccidenta 
in  Pmssia.  M.  Hasslacber  has,  in  his  notice,  given  valnable  and  detailed  aixnunta  of 
the  influences  and  other  matters  connected  with  lire-damp  eiplo»ons,  which  maj-  be 
iammariscd  briefly  as  follows,  the  paper  itself  being,  however,  deserving  of  close  stndy. 

From  1852  (when  stAtisUcs  wore  first  employed)  to  1881 —say  SO  ymrs— the  output 
increased  from  4399.771  tons  to  43389,410  tons.  The  number  of  workmen  aUo 
iocreased  from  36,029  in  1862  to  162,032  in  1881,  and  the  fatal  accidents  in  that  period 
amounted  to  8,483,  or  an  annual  average  of  2759  per  1.000  of  vorkmeii  employid.  The 
jiercentage  of  these  accidents  show  (contmry  tetho  received  opinion)  that  fire-damp  is 
not  tbe  most  active  agent  in  anch  disasters.  Taking  each  hundred  of  such  fatal 
accidents,  the  percentage  may  be  thus  summarised: — 


Falls  of  stone  or  coal 
Shafts  and  inclined  plane 
Fire-damp  explosions 
Choke -damp  or  other  mm 
Sundry  causes     , 


100- 


I 


The  proportionate  percentage  of  fatal  accidents  from  flre-damp  appears 
other  countries.  Kngland  gives  38*1  per  cent .  France  £3*34  per  cent.,  Belgium  14-3 
per  cent.,  and  so  on;  the  tabnlated  numbers  of  tons  and  workmen  to  the  acuidonts 
appearing  struigly  in  favour  of  PrussU. 


M.  HlsaUoltBR  then  anh-divides  hU  ropnrta  nnder  the  heads  of  faUl  and  non.fatal 
kCdidents,  conipiir«l  with  production  and  dcUiling  the  number  of  victima  in  each  cave. 
Tho  following  occoiint  of  uriou*  accidents  in  PruBoLi  from  IBGl  to  1H81  will  be  pernwd 


KUlld. 

iDjund 

IXtaotAKldHil. 

«t.«,o.. 

81 
35 
31 
23 

17 
17 

10 

7 

3 

Ifi 
6 

Jan.  16.  1868 
Dec  12.  1870 
Oct.  20.  1864 
June  8,  1880 
.Ian,  29.  1880 
JnneniBSl 

Do. 

airrebrnck. 

WeatnhaltA. 

Wttildcn  formation  of  North  Germany. 

WestjihaUu. 

The  number  of  fire.damp  accidents  is  xldted  to  have  increased  with  the  i^reater 
depth  attained  to.  Tbe  condition*  also  appear  to  depond  upon  tbo  nature  of  tbe  super- 
incumbent  Htrata,  the  mode  of  working,  and  espeoiall;  tlie  nambor  of  Kalns  simul- 
taneously worked  from  tbe  oune  shaft*. 

Outbnrsts  of  gat  are  comparativelj  rare,  and  continuoas  feeders  from  troahle*  or 
faults  are  inuch  more  seriona.  Cool  dnst  is  not  ijnoted  ae  a  conntant  aciioiutiauiiDent 
of  explosions,  but  severe  accidents  in  damp  workings  arc  infrequent. 

1,240  casea  of  killed  and  injured,  tbe  proportion  per  week  day  ii  that 


Sunday  . . . 
Monday  , . . 
Tuesday  ... 
Wedneidaj 
Thnnday 
Friday  ,.. 
Saturday   ., 


e  largest  number  occnrring  in  March  and  Deceinhcr,  and  the  smallest  in  April 
and  May. 

Tables  are  given  of  tlie  causes  of  ignition  of  tbe  fire-damp,  showing  that  58'3  per 
cent,  is  due  to  the  use  of  naked  lights,  10*3  per  ecnt,  to  sudden  movement  of  safety- 
lamps,  and  12'9  per  cent,  to  shot  firing,  D.  P.  U. 


RepoH  praented  to  Parliament  bg  T.  P.  Watson,  C.K„  and  dated  2Gth  June,  V&Sa-, 

pp.  6-19,  TKel'Pe  folding  Platee. 
Tlie  diainoud.beariug  ground  at  Kimbertey  has  the  form  of  a  column  standing  erect, 
and  otending  to  an  unknown  depth.  It  is  about  9  acres  in  area  (horisontul  section), 
and  somewliat  irregnlar  iu  shape,  but  appmacbea  that  of  an  ellipse  with  aies  600  feet 
and  700  fevt  rcsiie«tively.  The  top  of  tbe  column  was  coinpo^od  of  red  sand,  under 
tbis  was  a  bed  of  yellow  rock,  and  below  these  a  bed  of  blue  ground  of  unknown  tliiok- 
neis.  but  which  bas  been  proved  to  a  depth  of  546  feet  from  tbe  sarface. 


42 


Thp  rocV  nnronndtng  the  eolanm  u  of  the  following  ch&neter : — Tcnav  coltimmir 

bualt,  vnrjlTig  in  thickneu  from  30  feet  on  the  south  «do  of  the  mine  to  60  feet  on  iho 
north !  hUwk  argilliceong  ibftle,  containing  iron  p;rit««,  and  deoomponng  on  expoturv 
to  tlie  air.  abcinl  260  tixti  bard  igneous  rock  ol  nnknnwn  thiukneas. 

Up  tn  the  present  time  the  dtamondirennis  rock  hu  been  quarried  bj  a  nurober  <tt 
nnall  proprietun,  «Gb  on-ning  a  olaim  about  30  foot  square,  bat  taxed  j<nntl,v  for  the 
purpose  of  removing  ttie  baring.  The  mine  has  been  lon-ered  to  n  depth  of  *20  feet  in 
it*  deepoat  part,  and  tho  present  aystcm  of  open  worktop  is  no  longer  applicable,  the 
■idea  Mling  in  npoii  the  workings. 

Mr.  Watson's  principal  recommendations  are,  that  the  proprietors  sbonid  amalga- 
mate i  that  the  extent  and  nature  of  the  liaid  rnrk  encasing  the  diamondLferoua  ground 
shonld  be  proved.  This  being  dose,  the  proprietom  will  be  in  a  poaitjon  to  decide 
wbDther  to  ^pe  back  tlie  yellow  basalt  and  argillaceona  shale,  at  a  cost  nf  abont 
£1,754,625,  or  abont  7a.  Gd.  per  cnbic  jard,  the  hard  rock  being  found  aufficieotlj  solid 
to  slAud  vertically  (£l,n48,8S8,  or  about  lis.  3d.  per  cubic  yard  of  Klid  rixt,  haa 
already  been  spent  by  the  Uining  Hoard  in  lowering  the  workings  to  tlirir  present 
position) ;  or.  the  hard  rock  not  being  sufficiently  sirong.  to  stop  tlic  open  workliigt 
alti^ethur  and  begin  to  mine. 

De  Beer's  mine  is  not  ;et  very  far  adTKnced.  but  the  falling  in  of  the  reef  nptm 
workings  will  have  to  be  ooutendud  with  bufore  very  long. 


ANTHRACITE  COAL  REGIONS  OF  PENNSYLVANIA. 
Separli  of  lie  AmerieoH  Imptclori  of  Minew,  1S81   a»d   1882. 


1 


un. 

l^. 

^'»"<=*-     isbamokin 
I,iiyerne    f  Middle  district  .. 
and  carbon  ]  Kastern  diitrict,. 
counties,   (  Southern  district. 

Too.- 
1,829,B56 
4.n01,624 
4,433,601 
7.021,508 
7.711,600 
5fl37.B48 

Work- 

10.911 
11,865 

1B.808 
18,840 
11,386 

33,(93 
97.391 

84,578 
162,511 
94,271 
88,917 

1,709,380 
4,661^84 
4388.799 

7.059.358 
7.i)22,318 
5.360,-l97 

6.632     85.591 
13,361    100,768 
13.973     fl3,514 
17,883   149,276 
20.197      84.*«* 
12,298     91,880 

30,537.l»7 

76,307 

551,164 

31,301.276 

82.344    555.U43 

This  is  equal  for  the  Iwo  years  to  390  tons  per  workman  employed,  and  to  2-23* 
tons  per  pound  of  gunpowder  used.  Onu  k«g  is  £6  lbs.  There  is  one  inspectiir 
for  each  of  the  above  six  district*. 

Vol.  I..  1881,  pp.  70-77,  gives  an  ftcconnt  of  the  extinction  of  the  Kcpley's  run 
colliery  Sre,  illuatcated  by  ten  plalea  and  one  folding  plan;  pp.  146-150,  Scharar's 
new  double  fan,  illnstrated  by  one  folding  plate;  pp.  227-233,  the  rules  adopted  by 
the  coal  operators  and  mine  superintendents  of  the  enslem  district  of  the  Wyoming 
and  Laekawunna  coal-fields,  at  the  Mine  Irui]>ector'8  office,  Scrnntou,  Pciiusylvania, 
December  24th,  1881. 

Vol.  II.,  pp.  106-120,  remarks  on  underground  Grea  (which  are  not  uncommon  in 
Pennsylvania),  including  Mr.  Ooldiworthy  Ourney's  method  of  extinguishing  them  iu 
detail,  and  lUnstrotcd  by  one  plate.  J-  H.  U. 


H  hlfb  SQiilni. 


48 

HACLAOK. 
Rapport  tvr  I'otutraife  pretiaU  par  Alfrkd  Gtbabd,  inlitvUi  "Lei  Mogent  da 
TroHtporf,  apptiqnft  dam  let  mijtet,  lea  uinnes  el  Ut  Iravaax  pabliei."     Par 
MM.  LlBBEi,   FBlcnoT,  ETC.      BulltKii  da  la  Soeifif  tndiulrielU  dn  Kaed 
de  la  France,  1SS3.  i^.  36-41. 
Tliis  bnuk  bv  M.  Emrd  U  in  two  volumes  of  fthoiit  600  pa^s  «acb,  aiiil  is  illiutrSiWd 
bj-  ail  atUa  containing  122  platcfl.     It  goes  verj  fiillj  iulJi  tlie  various  sjetcniB  of 
Imula^  both  above  and  beloiv  groatid.  and  M.  Evrurd  lias  hixn  awarded  a,  gold  nivdat 
fnv  the  work,  a  copy  of  which  i»  iu  the  library  of  the  Nortli  of  EngUnd  Institute. 

J.  H.  M. 


THE  SEA  IN  THE  INTERIOR  OF  AFRICA. 

Nole  ™r  la  mer  inleriexre.  Par  M.  A.  HA0ET.  Memoirel  el  Compft  Rendu  del 
Iracaux  dr  la  SoeiilS  rfw  Ingenieurt  CxtHi,  Ser.  *,  1888,  pp.  110-119,  om 
folding  Plate. 

Ill  Africa,  a  little  to  the  south  of  Biakra,  there  are  tliree  depreasioDs,  via. : — The 
Chott  Mvl  K'ir,  25  metres  Iwlow  the  level  of  the  sea;  the  Chott  Rharsa,  SO  uietrea 
below  the  level  of  the  aea ;  and  the  Chott  el  Djeriel,  also  below  lea  level.  It  ii  proposed 
to  iniike  a  canal,  2U0  kilometres  in  length,  from  Oabes  to  thc<e  Chotti,  to  eicavate 
600,000,000  of  cobic  metre*  of  earth,  and  to  spread  over  an  area  of  8.000  iquare 
kilometres  (3,080  wjnare  milca)  200  milliards  of  cubic  metres  of  water  from  the 
Uedit^rrauean.  The  cost  will  be  a  milliard  of  frames  (£40,000,000).  It  ie  estimated 
that  the  eicesa  of  cvaporatloti  »1»»e  the  drsina^  of  the  bMin  will  be  six  milliards  of 
cubic  metres  a  year,  and  to  aupplf  thie  loss  the  canal  must  be  3D  metres  broad  at  the 
bottom,  ^^i  at  the  top,  and  11  deep,  with  a  fall  of  35  millimetres  per  Icilometrc.  In 
passiug  through  hard  rock  the  section  will  be  lean,  the  fall  more. 

Two  French  vommUsions  have  examined  into  this  project;  one,  official,  lias  reported 
at^ainat  it;  the  other,  a  private  oommission  nndcr  the  patronage  of  M.  de  Lesseps,  ii 
favourably  disposed  towards  it. 

M.  Hauet  is  strongly  opiKised  to  the  scheme.  Ho  thinks  that,  even  could  it  be  mode 
a  couunercial  auccesa,  the  new  nation  to  be  created  on  its  borders  would  be  composed 
for  the  most  p»rt  of  Italians  and  Spaniards,  tliat  is  to  say,  n  nation  whicli  wnnld  soon 
separate  itself  from  the  lu other -cuuii try.  and  France  would  have  another  rival  upnii  the 
Hediterranean.  J,  H.  M. 

REFORM  OF  THE  PERMANENT  WAY. 

'a  permanente  del  vkenini  de  fer.     Par  M.  CtUBLBB  BeuORBOH. 


avaux  de  In  Ooeiitl  dtt  Ingeninrt  Citrili, 


BeforiKe  de  la  P 

SlSvKiirel  et  Comple   Sendn  d 

Her.  4. 1883.  jip.  261-285;  ten  Figi.  in  text. 
Tlic  anthor  describes  the  present  nyfteni  nf  forming  the  permanent  way  of  a  railway 
and  paints  ont  the  impossibility  of  ballasting  so  that  the  bearing  of  each  sleeper  may 
be  the  same.  This  bo  beliovea  to  be  the  cause  of  tnuns  getting  off  the  tinu  when 
mnning  at  high  velocities,  and  to  be  the  canse  of  the  ehocka  to  which  the  rolling  atock 
ia  sohjected.  Be  thinks  it  impoaaible  lo  remedy  thoui  defects  with  the  present 
ayiitem  of  permanent  way,  and  jiroposea  that  wodden  aleepers  and  liallast  should  be  done 
away  witli  altogether  and  the  following  arrangement  adopted. 

The  roadway  having  been  formed  in  the  usual  manner — eicepting  tliat  it  need  only 
now  be  4  metres  wide  for  a  single  way  iiiatcad  of  6 — be  cnta  a  pair  of  Inngitudinal 
trenches,  050  metre  wide  x  0'60  metre  deep  and  1'50  metre  apart  from  centre  to 
ceotn.    Theie  he  fills  with  sand  rammed  in  hard.    The  sleepers  are  combined  chaart 


■od  (leopen  made  of  iron,  timilar  to  tbl  caiuon  oluira  of  Mr.  lavtaej,  of  Olaagmr, 
I — I  ihaptd,  0-60  mels-e  x  030  metre  uid  0'20  mntra  deep.  Kt  longitniliDaU;  and 
drivoa  duwu  intu  tbr  •and.  To  cnKble  tbeni  to  pcnetnte  Ike  edge*  are  sliarpeued- 
Cliuri  arc  MUotied  to  these,  and  the  rail  rests  opou  tlimu  (wiuid,  or  K)ine  ntlier  clutlc 
nibatance  being  iutcrpoicd)  having  a  bcaritig  fur  the  whole  of  thm  length,  n  that 
much  liglitoT  raiU  can  be  lued  than  in  the  urdinsry  ajstcm.  The  aleepera  are  »|iaced 
1  metre  ajnrt  fruiu  centra  to  i^eotre,  wi  tlist  tlivre  ji  onlj  O'lO  metre*  juterral  between 
owh.  The  author  bi'lievet  th»t  hj  thii  inetbod  a  »erj  linn,  but  elastic  pemuinent  naj 
will  he  obtained  needing  verj  few  re|nirB>  and  apun  whick  velocitiee  of  tiitj  milet  &n 
hour  and  npHnknls  ma;  bv  nmiitained  without  danger. 


— Comparalive  eott  of  M,  Bergtton'i  it/tltm: — 

Ciittiug  the  trenches       900 

Killing  tri'nchct  wilb  land  at  3  fnincii  per  m*  and  labour      88*00 

Iron  aleepen,  each  weighing  45  kitngrainmei,  at  100  fnuica  per  taane  811)0 

Tie  rods,  each  10  kilograminci,  at  ItiO  franca 

Kcj-B  to  fasten  tie  rods  to  the  sleepers,  at  0-20  francs  each  ... 

tJtecl  rule,  £6  kilugrammea  pur  metre,  at  160  francs  per  Uaqo       ,..  TSiM 

Lading  the  wnj,  at  2  francs  per  metre            ISIW 

Kejs,  at -30  francs  each            G-IO 


Eqaal  to  27'90  francs  per  nretre,  or  £1  Os.  Gd.  p*r  yard. 

—Cimparaline  coil  o/prrifHt  H/ilem  in  England . — 
BntUut,  2  m'  per  metre,  at  3  francs  per  \a'     ... 

Twelvo  larch  iloepers,  at  5  franc«  each  

Twcntj-fuur  chairs,  30  kitugraujnics  each,  at  100  francs  per  tonne 

7B  spikes,  at  -80  fmncs  each 

18  metre*  of  doublc-hoadcd  st«o]  rails,  40  kilognunmea  per  metn 

at  160  francs  per  tonne 

]8lej>      ... 

La,ving  way,  at  1  franc  per  metre 


Eignal  to  34  80  francs  per  metre,  or  £1  6b.  4d.  per  janL 

—  Comparative  coil  a/preieat  lyilem  V«  JVoaw.— 

BaUast,  18  m' of  broken  stones,  at  3-G 

12  t>ak  sleepers,  at  6  francs  each 

Rails,  Vignole's  price  and  weight,  as  above 

48  spikes,  at  -30  francs  each 

Lajiiig  the  waj     .  ...  

Equal  to  30-30  francs  per  metre,  or  JEl  2b.  per  yard. 
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There  is  therefore  a  coiiBidorable  saring  in  the  cost  of  establiihment  But' 
addition  lo  this  the  author  claims  for  bis  aystera : — Ist.  A  saving  due  to  a  re< 
in  the  width  of  the  roadway  from  S  metres  to  4  metres.  2nd.  Saving  due  to  ( 
inppresiion  of  wooden  sleepers,  which  require  constant  renewing.  3rd.  Saving 
labour  of  re-ballastjng.  J.  B.  IL 


I 


1 


HARDENING  STOMK, 
Nate  mr  hh  proefd-'  dr  dureiitemeni  de»  pierrtt  ealrairei  tendrts  an   moijrn  dct 
lluoiiUfatti  a  baae  d'oxydei  iutoUblen,       Par  MM,   Fatbe   BT   L.   KEsatSB. 
Mfmuirti  el   Cemple  Kndn  dtt  Traeaux  de  la  SoMte  det  Insiniettn  Civilt, 
Ser.  4,  18S3,  pp.  12<K132. 
Tlie  authors  poiut  out  Ibe  defects  of  the  old  ajatcin  of  hardening  tender  etones  hj 
imprcgnBting  them  with  alkaline  >llicatcii,  such  as  those  (if  (wtaih  and  aoda.    Tlic? 
propffle  insteivl  snhiljle  silii-ntea  of  raotaU  (if  which  the  oiUioa  iir  (he  carboiiatcn  are 
inwiluhlp,  the  fluosilicate  of  uiSKnesin,  Bluminium,  xitic.  or  l^ad.     Tliv  advantages 
claiuicd  are; — 

1.— To  make  tUo  most  tender  UinostnniM  vorj  lard, 
2.— To  make  them  Impermeablp. 
S.^To  polish  them,  elinnng  all  the  snperticial  cavitiea. 

Their  nietlxid  has  already  Ihvii  tried  at  scvithI  jiIucca.  niiionpitt  {idien  on  the  new 
Hotd  des  Fmtes.  J.  H.  M. 


COATISQ   FOR  TELEGRAPH   WIRES, 

mftaUiqiuft  empla)/i»  dawt  la  T/Ugrapite  el  la 
MAS,  Complea   Senda;   Vol   XCriL.  1883,  pp. 
838-853. 
M.  Widemati  Rnda  that  ■  tel^^ph  wire  (co]iper,  braas,  or  iron)  coated  with  per- 
oxide iif  lead  ft  iron  is  as  completely  isoUtoil  an  n  wire  covered  in  the  ordinary  itay  with 
rwiti  or  gutta-pcroIiH,  and  the  coat  is  tniieli  leas. 

The  method  of  prepainCinn  i«  as  foUoirs: — 10  gr.  of  litharge  are  diiaolved  in  one 
litre  of  water,  to  which  SOO  gr.  of  caustic  potash  are  added,  and  the  miitnre  boiled  for 
half-aii-bimr.  It  ia  then  allowed  la  atand,  decanted,  and  the  batli  ia  ready.  Tbe  wire 
Ui  he  coated  is  attached  to  the  pusitivu  terminal,  and  a  platinum  anode  to  tbe  negative 
terminal,  and  both  arc  put  into  the  bath.  Metallic  lead  is  precipitated  upon  the 
nq^tive  polo,  and  peroxide  of  lead  npon  the  wire,  passing  snccewiivelj  through  all  the 
colours  of  the  apectrnm ;  hut  the  coating  ia  not  perfect  until  the  last  tint,  a  hrownisb 
black,  is  rcauhed,  J,  H.  M, 

HOT  WATER  LOCOMOTIVES, 
Rapport  Mur  lei  toeomofinea  a  eau  chaudt  du  nfitime  Francq  el  Lamm,  par  MU. 

HiBBcn,  FLorRBNe  el  Dp  BocBqUE't.     BuUelin  de  la  SneiHi  InduiMtlU  dm 

Nord,  IR83,  pp.  13-46. 
Tbeae  engines  liDVc  been  doaigncd  to  take  the  place  of  homes  n]>on  tiamways,  and 
are  now  at  work  at  LiUe,  Marly-lc-Koi,  and  other  towns.  Each  consists  of  a  receiver, 
pressed  to  aiitveu  atuioapbcres,  iuto  wliich  from  1,800  to  E.OOO  kilog.  of  uattT,  at  a 
temperature  of  203°  C,  liave  been  forced.  This  water  contains  sufficient  heat  to 
convert  a  portion  of  itaelf  into  uteam.  at  pressures  of  tiitee.  four,  or  five  atmoapberes. 
Given,  therefore,  a  receiver  large  enough,  and  containing  water  hot  enough,  sufficient 
beat  will  be  provided  to  geiieralu  ateam  for  the  cjlindcn  which  are  attached  to  the 
receiver,  and  to  diive  the  locomotive  tbe  distance  required.  By  me«na  of  nn  expansion 
vnlve  the  adutisiion  of  the  eteain  into  the  eytindcra  is  so  regnlated  that  its  pressure  in 
the  cylinders  may  be  (he  same  tbrougbont  the  wliolc  of  the  rnu.  The  eihaiut  ateam  is 
passed  through  a  cold  air  condenser,  Piled  boilers,  placed  at  couvenieut  atationi, 
re-ebargc  the  locomotives  uith  steam,  J.  H,  U. 


OPENING  OF  THE  MINING  EXHIBITION  (EXPOSICION   DR  HlNBBj 

AT  MADRID. 
La  Apertura  dt  la  Erpoticion.    For  RouAN  Obiol.    Rrtiitia  Mintra  y  Mflaiiir\ 
Ser.  C,  Vol.  1. 1883,  pp.  £95,  298, 

This  Ejhlbiti™,  which  wm  opened  on  the  30tli  of  May,  1883,  by  the  Kings  of 
Spain  ruid  Portapal,  marki  s  momomMe  epoch  in  tlie  hintorj  of  Ihe  recent  develop- 
ment of  SpaniHh  induBtrj'.  The  whenie  vu  originall.T  atjirUd  by  the  press,  but  oirins 
to  the  deficiency  of  vrii-ale  enterprise  in  Spuin,  it  could  not  h»ro  buen  carried  out  if 
it  luul  not  been  wnniJj  taken  np  by  the  Spanish  Qovernnient,  which  issued  a  decree. 
Angnat  4th,  1S8Z,  declariug  the  Exliibition  duserviii);  of  olGi-ial  support.  The  ueces- 
»arj  arrangouii'iiU  were  eutnutcd  to  Don  Lnis  de  la  EseoBiim,  tho  bead  of  tlio  Notional 


e  whicb  worked  under  bim  n 


Corporation  of  Minea,  and  the  oi^auizing  commit 

ready  and  valuHble  asaiatence  from  the  enpneera  of  that  body  as  well  as  from  those  of 

the  provinces. 

The  area  of  the  Exhibition  was  covered  by  inalallations  from  rarions  finiu  and 
private  individiuls,  and  an  international  character  vaa  gifcti  to  it  by  the  jiaviltous  of 
Sweden,  England,  Germany,  Bolgiuni,  and  Portugal.  In  9pit«  of  some  omissions,  an 
appriiiimate  idea  conld  be  formed,  from  the  many  speeimeoB  and  objects  filiibited, 
of  the  mineral  and  mrUllurgical  indnstries  of  Sptun,  of  her  potteriun,  glau  work*, 
and  mineral  walem.  The  Minister  of  ludnstry,  Don  Gerraan  Gauiala,  dwelt  in  liis 
opening  speech  on  the  importance  now  attained  by  these  iudustries  in  Spain,  rich 
as  that  oonntrj  is  in  the  elemeufary  materiala  of  manufacture— iron,  lead,  copper,  cool 
— as  well  as  on  tho  prioress  made  in  metallurgy  and  ceramics.  He  spoke  also  of  the 
advanlflges  derived  by  agricultnre  from  the  improvement  in  these  arts,  in  the  shftpa 
(if  the  tools  and  machines  provided  by  them.  J.  H.  H..^^H 


THE  LEAD  WORKS  OF  PDERTOLLANO.  ^H 

La  Fahrica  de   PuerloUaMo    r»    la   Expo*leion    de   Minerfa.      Revitia    itinera    // 
Melalargxea,  Ser.  C,  Vol.  1,  1883,  yp.  3B8,  330. 

In  the  department  of  the  Mining  Exhibition  occupied  by  the  Arraj'ancs  Mine,  Don 
Jos5  Genaro  Villaiiovs  gives  an  expliinatinn  of  tho  plana  he  eihiblta  of  the  lead  works 
he  lias  established  at  Piiertollsno,  projected,  constructed,  and  directed  by  Don  Manoel 
Sanchez  y  MaBsia.  of  the  National  Corporation  of  Mines,  Besides  the  general  plan, 
there  are  others  of  the  various  building,  fnruaces.aud  other  detaiU,giving  a  very  accurate 
idcA  of  the  whole.  Specimens  are  also  shown  of  tho  materials  for  the  eonatruoBoiis — 
the  combustibles,  minerals,  and  products  in  dilTorent  stages  of  the  process,  ai  well  as 
the  implements  used  in  the  work  of  each  furnace,  and  some  waggons  of  iron  of  very 
simple  construction,  two  of  which  were  devised  by  Soiior  Sanchez  y  Maisia,  aud  made 
in  the  small  forge  of  these  works  under  his  directions.  The  whole  is  accompanied  by 
a  brief  and  clearly  .expressed  memoir  describing  the  works. 

Attention  sliould  be  directed  t<i  the  methodical  arrsngeDient  of  the  works ;  to  the 
graduated  fire-bars,  by  means  of  which  the  small  coals  ant  burut,  and  to  the  use  of 
gasogenes  in  the  calcinating  furnace.  The  model  of  nind  furnaces,  on  the  scale  of 
one-tenth,  c<instructed  also  in  the  PuerUillano  forge,  is  worthy  of  note. 

Seoor  Sanchez  y  Massia  bad  only  proposed  to  make  some  modifications  on  the  I*ilt« 
tnraace;  but  he  has  effected  mora  than  this.  His  furnace  is  anterior  to  that  of 
Kant,  which  it  resembles,  but  with  some  points  of  superiority,  such  ns  ibc  almost 
hermetic  closing  of  the  mouth,  ai^d  the  reservoirs  uf  water  for  cooling  Ibe  lower  part 
of  the  furuace. 


J,B.l^_ 


I 
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HISTOEICAL  RESUM^  OF  THE  CHANNEL  TDNNEL  AND  OF  THE 
THANSPORT  OF  POWEH. 

Seiunf  ixttorlgae  da  itudet  Oralogiquft  el  dei  Tracanx  d'cicanalian  ntreprii  «■ 

France  ri  en  Angltterre  enrmede  I'txeeution  d'uu  chemin  defer  mut  la  maneke. 

SmiieignemeHli  ti    dftailt   offieitU  tur   let  prentiirei   etuda   pour   la  perforalion 

meeaitiqae  et  I'airaiiOH  dei  longt  tm$<ttU  par  fair  eomprimi. 
Examen   del  proddeM  let  pint  4co»omigiitt  pour  le  Irampori  det  grandet  /orcei 
molricet.    Far  M,  DlsiBL  CoLLinos.    Memoirti  et  Comple  Rtndu  Jei  Trat^aux 
de  la  Sociite  dei  Ing(nienrt  Civil;  1883,  pp.  7i-109.      One  Figure. 
The  natliar  gives  an  account  of  tbe  CluancI  Tunnel  works  froLii  tlie  farmatioD  of 
the  first  conipuiij,  tliat  of  Sir  Joliu  Hawkahaw,  in  1865,  dan-n  to  tlie  present  time 
whcu  the  drift  on  the  Engliah  side  is  standing  at  a  diatanue  of  about  2,000  ;ud«  from 
the  coast  and  ou  the  Frencb  uidu  is  utill  being  di'iveu  forward  and  luis  already  reacbed 
about  tbc  saiDo  distnuce 

He  also  gives  a  short  biitorj'  af  the  transport  of  power  by  coinprewed  ^r,  bcgijining 
Kith  some  experiments  made  hy  hiuiwilf  in  1819,  with  a  view  to  tlie  piercing  of 
UontCenis.  J.  H.  M. 


HIsrORV  OK  MININU  IN  SPAIN  AND  POKTUUAL. 

Coniideracionei  lobre   la  MinerSa  de  la  Fenimnta.     For   Pekkakho  Beukalubz. 

Senita  Miaera  y  Metalurgiea,  Ser.  C,  1883,  pp.  263-266  and  279-281. 

Seuor  Fernando  Beniolden  bas  ouiitribated  to  the  "  Bevi«ta  Minera"  two  inl«r«at- 
ing  articles  of  soma  leogtb  on  this  saliject,  from  wbich  Bpac«  will  allow  ns  U>  give  oiily 
a  few  i:hruDologiual  data.  Tbe  Asturias,  QoUcia,  Leon,  Esti'emadura,  Uuetva,  and 
Murcia  contain  manj  remains  of  the  minus  of  autiquiCjr.  Tlie  Phicniciaui  lirat  B|)pear 
to  liave  explored  tbe  metalliferous  richee  of  the  Peniiisubi,  bat,  as  wcU  as  the  Uar- 
thagenions  who  followed  them,  coiiHned  their  operations  to  the  vicinit;  of  tliu  sea- 
board. The  Romans  carried  their  discoveries  far  into  the  interior.  Large  quantities 
uf  gold  wore  obl^ned  in  the  Asturias,  Oalicia,  Leon,  and  parts  of  Lugitauia;  the 
principal  r^ious  of  it  were  the  alluvial  plains  of  the  Viereo  aud  the  districts  of  Valde- 
homis  aud  Quirogo.  AurifcrouH  quartx  was  also  found  in  the  lUstricta  of  ijalas,  Pola 
de  AUande,  and  De  Bclmonto,  in  the  Astnrioa ;  and  in  the  extensive  zone  situated  to 
the  south  of  the  Tagus,  in  Estremadura,  where  man^  pita  and  other  remains  arc  found. 
Silver  WB*  obtained  from  the  argentiferous  lead  of  the  provinces  of  Badajos,  Cordova, 
L'uidud  Real,  Almcrio,  and  Cartagena,  and  froiu  a  mixture  of  grey  cop]icr  with  lead. 
The  lulphurs,  oxides,  aud  carbonates  of  copper  produced  abundance  of  that  metal  from 
tbe  rich  reins  of  listTemadura  and  Huelva,  where  the  vast  exunusted  mines  and  ancient 
works  attest  tbe  autivity  of  those  early  Horlcers.  Verj  large  quantities  of  lead  must 
also  have  bceu  supplied  from  the  deep  and  extensive,  hut  now  exhansted,  mines  of 
Unrcia.  Ualicia  and  'Maxon.  supplied  excellent  tin,  and  we  learn  from  Tbeophrustus 
aud  Pliuj  that  solphnrata  of  mercnrj  was  found  in  the  Sisapoueuie  district— Aluiadeii. 
Lastly,  we  must  mention  tbe  steel  and  iron,  for  which  itaragoia.  Calatayud,  aud,  above 
aL,  Qalicia  was  renowned. 

With  the  irruption  of  the  northern  nations  these  industrial  works  were  abandoned, 
nor  were  they  much  resumed  during  the  long  wars  of  the  Moorish  donihiion.  in  1168, 
however,  we  find  King  Alfon»>  VIII.  making  a  grant  of  the  moiety  uf  Cbillon  and 
Almaden  to  the  friars  of  Calatravu  and  the  Count  Don  Nu^n  for  mining  purposes,  and 
many  other  grants  of  the  same  nature  ore  found  among  the  Spanish  records.     IJiiring 
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tlw  thirteen  je»ra  froni  1618  to  16SS.  when  then  mine*  wero  in  tha  Iwada  t£  Cba 

8lat<^,  thfy  produced  as  tniieh  m  500  qninUlu  of  qnickmlver.  In  1B65,  when  Clmrles 
V.  Mas  on  the  thrune,  the  silver  mines  of  QiudAlcaniil  were  dliooverrd.  itnd  bctwwn 
that  ;eHT  and  1576  the;  produced  lOO.OOU  narcoi  of  silver  (a  mano  u  ci|Ual  U>  3,55S 
gnuiia  Euglisli).  The  neglected  minGB  of  R<o  Tinto,  now  norlced  bj  ui  fitiglisli  com' 
pauj,  were  revived  in  tlie  h^tining  of  the  eighteenth  cuntnr;. 

During  tha  ]io1ttic&1  distnrbaiiws  of  tlio  present  oentnrj  lepilstion  oil  the  subject 
□f  the  milling  indnstniu  ima  neglected,  but  laws  for  their  brtter  regulation  have  been 
giasaed  in  recent  years,  J.  H.  M. 


I    Fdbr 


THK  NEW  IRON  WORKS  OF  TRUBU. 

;a    dr    Tnibia.       Bepiila    ^inrra  y   Melalurgiea 


Vol. 


Thin  articlp  describes  the  newlj-foonded  ironworks  in  the  pUin  of  Trubiai,  at  the 
commencement  of  the  North-Westem  Rulway,  belnngiiif;  U>  tlio  Mining  and  Sinelting 
Ci>mp»nj  of  Santaiider  and  Quiroa,  the  object  of  which  U  the  couvcrsion  into  forged 
and  laminated  iron  of  the  ore  obtained  in  Qniros,  where  the  company  possesses  lat^ 
tractK  containing  cool  and  iron  ore.  with  everything  neeesury  for  working  the  mines, 
and  where  they  are  now  erecting  a  tall  farnace  according  to  the  most  recent  improve- 
ments. The  Brat  iron  prodnced,  in  February.  1882,  was  used  for  the  nuls  of  the 
company's  trims  connecting  the  different  centres  nf  iron  and  coal  with  the  smelting 
house.  In  May  they  began  to  work  the  iron  for  commercial  purposes,  which  obI«inal 
a  high  reputation  from  the  first  moment  of  its  appearance  in  the  market,  and  which 
was  to  be  represented  in  the  Eihihitioii  in  a  special  pavilion.  From  February,  ISt 
to  January  let.  1S83,  the  products  obtained  from  the  works  were  : — 

Iron  for  the  companj'B  tramways 

Bails  for  company's  mines  

Rttilssold 


Pnddled  iron  ban  ., . 
819  work-people  are  employed,  iuoluding  w 


SOUTH  AFRICAN  DIAMOND  DEPOSITS. 

On  liiamanffSlteH  i  Sgd-Afrlka.      Jig  A.  Sjoobb.i.      Qeologitka  Flireuii 

Sloekholm  Forhandlingar,  T'ol.  VL.  pp.  10*27.  toUlt  o»f  Piatt. 

Comprises  a  general  descrijition  of  the  mode  of  occurrence  of  diamonds  in  South 

Africa  and  a  discussion  of  their  origin.     At  Kimhorley  the  diamonds  occur  in  a  mass 

of  "  tnfF,"  or  loose-tettnred  volcanic  matter,  filling  verlicat-sided  uatniBl  pits  (probably 

ancient  necks  of  igneous  rock)  of  irregalar  shape.    The  walls  of  the  diamond  "  pita" 

are  formed  {in  ascending  order)  of  a  volcanic  diabase,  bine  shale  or  schists,  and  on 

olivine  basalt.    At  De  Beer's  mine  the  rocks  arc  arranged  mnch  in  the  same  manner, 

Eicept  that  no  diabase  has,  so  far,  been  met  with  lielow  the  scbists,  anii  that  lurron 

irregiilar  dykes  ot  veins  of  basalt  occur  within  tho  "  neck"  itself,  intruded  through  the 

diamond  tnff-rock.     Eight  theories  accounting  for  tho  presence  of  the  diainouds  are 

mentioned. 


Q.A.L. 

J 


IRON  ORE  OF  MEXICO. 

Marliie  of  the  Cerro  de  Mercttdo,  or  Iron  Mountain,  of  Uvran^o.  ,V^,rV.-o,  and 
eerlaia  Ira*  Urei  of  Sinaloa.  Bg  B.  SillimaN.  American  Journal  i^ 
Smenee.  Ser.  3,  Fol.  XXIV.,  pp.  37B-379.      Om  Woodcut  in  text. 

Tho  Cerra  de  Mereodo,  a  nurantuin  6O0  Feet  high  (uhuve  the  pUin  fnim  whii:li  it 
rises),  a  mile  long  and  n  thiril  of  a  mile  bruwl,  is  not,  tu  has  been  oftori  said,  ■  9i4id 
mass  of  iron  ore  "  The  sarface  of  the  liill,  indeed,  evorjwhero  eiposos  nuusiM  at  ore, 
whieh  appear  to  he  derived  from  one  or  more  immense  beds,  or  vcina,  of  speciiUr  iren 
standing  neartj  vertical,  the  fragments  of  which  form  %  tolas  on  the  slojies  of  the 
moant^n,  and  con<!eal  eonipletiUj  the  enclosing  walla  of  niclc."  The  Utter  u  a  purple 
porphjTj.  An  analjsia  of  an  arcrage  sample  of  the  ore  shows  2-071  of  magnetic  oiide 
of  iron,  77'571  of  ferric  oiidc,  and  3'041  of  phosphoric  acid.  This  enormous  maaa  of 
valuable  iron  ore  is  now,  b;  the  near  approach  of  the  railway  ajstum  of  Moiieo,  Ukel; 
to  become  of  commcreial  importance.  The  anthor  quotes  a  Report  on  this  "  iron 
mnnatain"  bj  Mr.  Birkiabine.  of  ["hiladclphia,  issued  in  1S83.  A  view  of  the  Durango 
Hill  is  fiiven. 

Analyses  of  iron  ore  from  Tepncbe.  on  the  Kio  de  Hnmajn,  (en  miles  west  of 
('nlittcan  ;  Bescuinn,  twentj  miles  east  of  the  latter  place;  and  Cosolu,  are  given,  show- 
ing a  yield  of  Gg-OS,  66-75,  and  67-25  per  cent,  of  metallic  iron  respectively. 


THE  LIGNITE  BASIN  UF  FOVEAU  <SOUTH  OF  FltANCE). 

f  (kc/f  tur  U  haitiit  de  Faceau  el  Kur  uh  grand  trarrait  a  y  exicuter.     Bg  —  Villot. 
AhuoU,  dee  Minee,  Ser.  8.  Vol  IV..  lS84,pp.  5-fie.     Fire  folding  Platfi. 

Tho  seaina  of  lignite  which  have  for  many  years  been  worked  in  the  valley  of  the 
Arc,  near  Marsnilles,  and  which  constitute  the  Fuveau  Basin,  were  formerly  supiused 
to  be  of  Miocene  age.  They  are  now  known  to  belong  to  the  Dordonian  and  Qariimtiian 
series,  or,  in  other  words,  to  the  uppermost  Cretaceous  and  lowest  Eocene  deposits  of 
the  region.  This  basin  is  of  considerBble  commereial  importance,  the  output  of  lignite 
having  increased  regularly  year  by  year  from  88,600  tons  in  I8W  to  457,000  tons  in 
IB^  The  latter  flgnres  show  that  this  Hold  contribnten  at  the  present  time  more 
than  2,  per  cent,  of  the  entire  coal  prodnction  of  France.  The  seams  still  utiworked 
are  of  great  extent,  good  quality,  and  eulBcJent  Uiickncss,  and  tlivir  working  is  not 
likely  to  be  seriously  affected  by  high  dips  or  faults.  NotnlthitTinding  all  these 
natural  advantages,  to  which  close  proiimity  to  a  great  port  SDch  as  Marseilles  must 
he  added,  the  future  of  the  Beld  depends  now  upon  the  possiUlity  of  itecting  rid  of  the 
water  which  nnfortntuitely  occurs  iu  the  working  in  formidable  and  yearly  incroasiug 
c|uan  titles. 

Tlie  object  of  this  paper  is  ta  ciplaiu  fully  B  scheme  which  is  about  to  be  adopted 
in  order  to  form  an  outlet  to  the  sea  for  the  water  Hooding  the  pits.  This  scheme, 
which  depends  too  much  upon  local  details  to  bo  usefully  abstracted,  is  fuiiitdcd  ojion 
accurate  observations  and  mapping  of  the  lie  of  the  beds,  their  permeable  character, 
and  more  particularly  the  dralocatiuns  by  which  they  are  affected.  Among  the  tatter 
cerbun  funnel-shaped  areas  of  disturbance,  locally  known  as  movliAret,  are  of  special 


MINERALS  OF  NEW  ZEALAND. 

(1)  Sola  0*  lin  Mineralogy  of  .Vw  Zealand,     fit/  S.  HkkbkbT  Ci>S.      T 

of  Ihe  Nea  Zealand  IntlUule,  Vol.  xV.,  1883,  J>p.  861-409, 
Thi>  i«  Che  conHnuittioii  of  u  Dieniulr  which  first  appuiirvd  in  the  precediug  vnlanu 
of  the  Transsctions  of  the  New  Zealand  Institute.  The  principal  naefnl  mincnli 
entimarated  a,Te:^Qrapkile,  from  three  Incaliticc,  Coal,  viii.,  the  li^iltui  of  receni 
Tertiary  ago  i  the  hrown  coals  of  the  Cretaeeo-TertiaTj  formation,  which  are  the  iniwl 
nidely  dintrihuted  iii  the  colony  ;  the  pitch  coali  overlying  the  bituniiDoufl  coal  una 
of  the  weat  coikI  of  South  Island;  glance  cools  of  the  Malvern  HiUs  cxol-field 
the  semi 'btlu  mi  none  coals  of  the  Bay  of  Inland,  where  tlie  output  of  one  colliet] 
(Kawakawa)  was  50,^77  tons  in  1SS2,  or  one-seventh  of  the  tntal  quantity  ruced  it 
New  Zwland  during  thut  year;  the  bitumiiunis  cuali,  confined  to  the  weat  coaat  «! 
South  Island;  bituminous  peat  of  Chatham  lalands;  bituminoas  shale  or  torhuiiti 
from  Awatere,  near  Hongonui,  Auckland;  and  other  corbanacooua  minerals,  elaterite 
and  pi'lralouin  from  mveral  localities.  Sulphur,  deposiled  b;  geyaeriaii  aprings  oi 
White  Island  and  on  other  ialatids  in  the  Bay  of  Plenty.  MarbU,  fine  depouts  on  thi 
west  coast  of  Utogo  and  elsewhere.  lAntettone,  very  widely  distributed  and  of  varioni 
kinds.  Oifpnm,  associated  with  the  anlphnr  deposit*,  hat  apparently  not  in  largi 
workahle  qnuntilieii.  A  very  full  series  of  aiuilyses  of  the  varieties  of  coal  frnm  man; 
localities  and  also  of  49  mineral  springs  accompanies  tlie  description. 

(2)  SanJhooi  iffSeto  Zealand.     Bg  Db.  JiMSB  Hbctob.  F.R,8.    Zrd  Edition,  1383 

Wellington,  147  pp.  urith  Mapt  and  Plalen. 

Much  the  same  information  ia  to  he  found  in  this  guide  ns  in  Mr.  Ctn'f "  Notes.' 
pUu  an  account  of  the  metallifemns  ores  of  New  Zeahtnd.  These  are  described  nude 
the  following  heads  : — 

Oold  and  Siher. — Quartz-mining,  chiefly  in  the  Coromandd  and  Thames  dii 

tricta,  30  milca  apart.    Some  of  the  qiurti  reefs  liave  yielded  as  much  ■ 

600  oancea  of  gold  to  tbu  ton  very  uniformly  for  considerable  distoncei 

but  these  are,  of  course,  elceptional.    Alluvial  mining,  chiefly  in  the  Soot 

Island,  in  the  districts  of  Otago.  Weatland,  and  Nelson,  iu  which  miiiini 

operations  are  carried  on  over  an  area  of  about  20,000  square  miles,     Th 

total  quantity  of  goW  entersd  for  exportation  from  New  Zoahind  up  to  th 

end  of  1881  was  9,822,765  ounces  (-  £38,4B1,423),  of  sUver  877.471  onncc 

(=  £99,469). 

Iron   Om.—'nexe  occnr  plentifully,  but  lion 

sands  which  occur  plentifully  on  the  coast 

Chrome  Ore  occurs  in  thick  veins,  and  haa  bee 

Copper  Ure  occurs  at  miiny  points,  but  does  n< 

Lead,  Zine,  AntiinOHg.  and  Maagane 

iguantitiea  in  many  localities,  hut  ant  likewise  not  much  nnrked  at  prcaent. 
An  eicellent  geological  map  of  the  laUnd«  accompauiea  this  handbook. 

(8)  Krpurt  D«  Control  and  In/.peMo«  of  Mine:     A'™  Zealand,  1883,  J^Ko,  9^1 

Welling/on,  1883.  ^H 

Much  information  respecting  tlic  H'anih  of  conl  aud  lignite  worked  iu  th«  oalan' 

besides  staliatics  connected  with  the  munsgeuient  of  the  mines  (biitb  coal  and  qunrti 

will  also  be  found  io  this  Annual  Report  of  the  Inspectors  Iu  the  Minister  of  Muiea. 


forked  eicept  the  black  ii 


n  largely  e: 


Biported  from  Nelaon. 
0  be  largely  worked. 
-t  are  alan  preanrt  in  onnaidcrabl 
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PLATINUM  IN  A  LODE. 

On  the  Occurrence  of  Platinum  in  Quartz  Lodes  at  the  Thames  Oold-fields,  New 
Zealand.  By  J.  A.  PoKD.  Transactions  of  the  New  Zealand  Institute^  Vol, 
XV.,  1883,  pp.  419,  420. 

Notes  the  occnrrence  of  platinnm  in  rounded  grains  and  in  perfect  octahedral 
crystals  in  a  quartz  vein  impregnated  with  gold-bearing  iron  pyrites,  met  with  in 
deepening  the  shaft  of  the  Queen  of  Beauty  Gold-mining  Company  from  the  540  feet 
to  the  600  feet  level.  The  interest  of  this  note  lies  in  the  fact  of  the  extreme  rarity  of 
platinum  in  place,  i.e.,  in  its  native  rock  or  vein.  G.  A.  L. 


ANALYSES  OF  COALS  AND  LIGNITES. 

Bulletin  des  Travaux  de  Chimie  exScutS*  en  1881  par  les  Inginieurs  des  Mines  dans 
les  lahoratoires  departementaux.  Annates  des  Mines^  Ser.  8,  Vol.  /F".,  1884, 
pp.  133-196. 

The  following  are  selected  from  these  Reports : — 

Fixed  VolatUe 

Oarbon.  Matter  Ash. 

1. — Anthracite  of  Rhoetic  (?)  ago  from  Ujbanya, 

near  Orsova,  in  the  Banat           74*74  ...  13*86  ...  10*10 

2. — Coal  from  the  St.  Victor  Seam,  at  La  Made- 
leine Colliery,  Department  of  Var          ...  41*70  ...  47*50  ...  10*80 

3.— Lignite  of  Banc-Rouge  (South  of  France)...  36*25  ...  44*75  ...  19*09 

4.— Anthracite  of  Prades  (South  of  France)     ...  66*71  ...  11*54  ...  21*75 

5.— Gas  coal  of  St.  Etienne         6071  ...  32*75  ...  6*54 

6. — Coals  of  St.  Lanrs,  Department  of  Denx- 

S^vres,  mean  of  nine  analyses     71*77  ...  20*26  ...  7*86 

7. — Lignite  from  near  Dellys,  in  Algeria  (Al- 
giers District)        48*16  ...  14*42  ...  36*14 

8. — Lignite  from  Fedj-Mzala,  Algeria  (Constan- 

tine)            41*40  ...  56*60  ...  5*00 

G.  A.  L. 


COPPER  IN  TEXAS. 

Copper-hearing  Region  in  Northern  Texas  and  the  Indian  Territory.  By  J.  H. 
FuRMAN.  Transactions  of  the  New  York  Academy  of  Sciences  for  1881-1882 
(1882),  p,  16. 

An  account  of  the  occurrence  of  copper  ores  in  a  narrow  belt  not  more  than  50  yards 
in  breadth,  but  several  miles  in  length,  along  the  southern  boundary  of  Haskell  County, 
in  Knox  and  Hardeman  Counties,  and  beyond  Texas  in  the  Indian  Territory.  This 
copper  zone  consists  of  Triassic  shale  underlying  a  well-marked  gypseous  sandstone. 
The  ore  is  sometimes  native  copper  in  nuggets,  sometimes  fossil  wood  impregnated 
with  copper ;  some  green  carbonate  of  copper  (malachite)  also  occurs  as  a  secondary 
product.  In  the  discussion  upon  this  paper  Professor  Newberry  described  similar 
copper  deposits  in  New  Mexico  and  Utah.  G.  A.  L. 
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ANALYSES  OF  COMBUSTIBLE  MINERALS. 


i'tfr  la  comporition  des  substances  nit 

ineroi 

les  comb 

usHhles.     By  - 

—  BOUSSINGAULT. 

AnnaUs  de  Chitnie  et  de  Physique,  Sir.  5,  Vol 

.  XXIX.,  1883, 

j»p.  363-392 

1 

1* 

The  general  results  of  the  analyses  i 

given 

are  thus  tabulated : — 

OarboD. 

Hydrogen. 

OxygvD. 

s 

ntrogm. 

Liqnid  bitnnien  of  Bcchelbronn  ... 

87-50 

...     lllO     ... 

0-30 

•  •  • 

110 

Bitumen  of  Bocan^m^ 

88-52 

...     11-36     ... 

0-00 

•  •  • 

0*12 

Bitumen  of  Schwabwiler  ... 

85-38 

...     12-33     ... 

2-17 

•  •  • 

0-12 

Bitumen  of  Amimiema,  Magdalcna 

88-31 

...       9-64     ... 

1-68 

•  •  • 

0-37 

Liqnid  bitumen,  Hatten  (Alsace) 

87-40 

...     12-60     ... 

0-00 

•  •  • 

0-00 

Bitumen  of  Orinoco 

77-93 

...       i*yki     . . . 

1387 

•  ■  ■ 

0-26 

Black  naphtha  of  Balakhany 

85-42 

6  66 

7-76 

•  •  • 

0-16 

Bitumen  of  Bastennes       

85-74 

...      9*58     ... 

2-88 

•  ■  • 

1-80 

Bitumen  of  Pont-du-Ch&teau 

77-52 

...      9-58     ... 

10-53 

•  •  • 

2-37 

Bitumen  of  the  Abruzzi,  Naples   . . 

81-83 

...       8-28     ... 

8-83 

•  •  • 

1-06 

Bitumen  of  the  Chinese  fire-wells  (filtered) 

86-82 

...     1316     ... 

0-00 

•  •  • 

0-02 

Do.                        do.        (squeezed 

out) 

82-85 

...     13-09     ... 

4-06 

•  •  ■ 

0-00 

Bitumen  of  Judaea 

77-84 

8-92     ... 

11-53 

•  •  • 

1-71 

Asphalt  of  Coxitambo,  Peru 

•  •  • 

87-75 

...       9-68     ... 

2-58 

•  •  • 

0-00 

Asphalt  of  Oran,  Algeria 

•  ■  • 

73-47 

...     10-48     ... 

15-49 

•  •  • 

0-56 

Asphalt  of  Egypt  ...         

« •  • 

85-29 

...       8-24     ... 

6-22 

.  •  • 

0-25 

Mineral  wax  of  Bakin,  Rnssia      ... 

■  •  • 

84-33 

...     13-71     ... 

1-96 

•  •  • 

0-00 

F()K.sil  resin  of  Bucaramanga 

•  • « 

82-70 

...     108-0     ... 

6-50 

B    «    • 

0-00 

Fossil  resin  of  Santa-Rosa,  Antioquia 

•  •  • 

77-80 

...       9-60     ... 

12-57 

•    •    • 

0-03 

Fos.sil  rosin  of  El  Retiro,  Antioquia 

.  •  • 

71-89 

6-51     ... 

21-57 

•    •    • 

0-03 

Copaline  of  Highgate         

85-68 

...     11-47     ... 

285 

0-06 

Copaline  of  India  ... 

•  •  • 

85-73 

...     11-50     ... 

2-77 

•     .    • 

0-00 

Guayaqnilite  resin,  Ecuador 

77-66 

...       8-20     ... 

14-80 

•    •    • 

0-00 

Retina?phalt  of  Bovey-Tracy 

•  ■  • 

74-12 

...       8-18     ... 

17-51 

•    •    • 

019 

Elaterite  of  Australia 

.  .  t 

7215 

...     10-30     ... 

16-84 

•     •    • 

071 

Elaterite  of  Wullachia       

■  •  • 

69-70 

...     1019     ... 

19-40 

•    •    • 

0-71 

Jonite  of  California           

• «  • 

67  55 

...       7-13     ... 

2505 

•    •    • 

027 

Torbanite  of  Scotland        

■  •  • 

82-30 

...     10-50      . 

5-00 

a   •    • 

2-20 

Dysodil  of  Roth     ...         

•  •  • 

69-01 

...     10-04     ... 

19-25 

•  •    • 

170 

Dysodil  of  Sicily 

•  •  * 

57-73 

. . .           t/-«5d        . . . 

31-91 

•  •    • 

1-01 

Lignite  of  Antioquia 

•  •  • 

66-81 

...       4-84     ... 

27-27 

«   •   • 

o-as 

Lignite  of  Chile     ...         

•  •  • 

79-24 

5-50    ... 

13-69 

•  •   • 

1-57 

Bituminous  lignite  of  Elboyen     . . . 

77-04 

. . .       Toi.      . . . 

12-65 

•  •   • 

1-86 

Jet  of  Spain            ...         

•  •  • 

81-98 

...       5-81     ... 

11-53 

•    •    • 

068 

Fibrous  coal  of  Antioquia 

•  •  • 

87-05 

500     ... 

6-56 

1-39 

Coal  of  Canoas,  Bogota     

.  .  . 

80-96 

...       513     ... 

12-50 

•    •   • 

1-41 

Coal  of  Montrambert 

•  •  ■ 

82-33 

3-52     ... 

12-52 

■    •    • 

1-65 

Canncl  coal  of  Montrambert 

•  •  • 

86-67 

4*56 

7-98 

■   •   a 

079 

Fossil  charcoal  of  Blanzy  ... 

•  •  • 

87-81 

...       o  oo     ... 

7-67 

•  •   • 

0-64 

Fossil  cliarcoal  of  Montrambert  . . . 

«  •  • 

86-67 

...       4-56     ... 

7-98 

•   •   • 

079 

Anthracite  of  La  Mure  (Isfere)    ... 

•  •  ■ 

95-26 

...       2-51     ... 

1-56 

*   •   • 

0-67 

Spheroidal  anthracite 

91-51 

...       3-87     ... 

3-36 

•   •  • 

1-26 

Anthracite  of  Borneo 

.  •  • 

93-66 

...       2-94     ... 

2-88 

■  •  • 

0-52 

Anthracite  of  Chile 

,  , 

92-25 

...      2-27     ... 

4-94 

•  •  • 

0-56 

Anthracite  of  Pembrokeshire 

•  •  • 

95-34 

...       2-42     ... 

1-35 

•   •   • 

a-89 

Anthracite  of  Muso 

•  •  • 

94-83 

...       1-27     ... 

316 

•  ■  • 

0-74 

Adamantine  anthracite      

•  •  • 

97-60 

...      0-70    ... 

1-70 

•  •  • 

(HX) 

Graphite  of  Eorsdh 

•  >  • 

97-87 

0-37     ... 

170 

•  •   ■ 

(yoe 

O.A.I4. 

KAOLIN  IN  SWEDEN. 

(1)  KaoUnfyndtqMea  vid  RuUtho  i  Skinmlalleher^i  mcken  oeh  Orehro  liin.     By 

B.  SiirrBBSON.  Btologinka  Furminycru  i  Sfacleialiit  FSriaHdUngar,  Vol.  VI., 
pp.  825-330.  aili  out  Plate. 
Ail  sccunnl  iif  n  dt^oit  'if  ahiiin  ctay  discovered  in  Vuatinanl&ml,  at  Hultebo,  t<i  the 
north-H'Gst  of  Skiiinskatteberf^.  The  dcpoait  occars  bencitth  a  eiiiiBidenible  thickneMt 
of  drift  sand  and  gravel,  and  ia  due  to  the  dccompmltion  of  the  upper  portion  of  a 
brand  zone  of  turiit  (felaite).  trbieh  rnnfi  in  a  nnrth-OLit  and  snnth-iveit  direction 
between  iwa  large  areas  'if  jneiss-graiiiti!  on  the  one  hand  and  micuschiat  on  the  nther. 
The  kaolin  in  white,  jellnviih-green,  grey,  and  red,  the  wbite  containing  the  moat 
lilica  and  the  red  the  least,  Fnll  nnaljaeii  of  tlie  various  Iduda  are  ^vt>n  and  cumiiaied 
with  thone  of  tho  well-known  cliina-clays  of  Aue,  Halle.  Limoges,  and  Meioeu,  with 
which  thej  hare  much  in  onmmoii. 

(2)  Om  fdretonnCen  af  kaolin  oe*  haaliiihlanAai  Icra  i  notra  SUne.      By  AiEi. 

LlNDSTRBV.  OeologMa  Fartnt'aytiu  i  Slociholm  FSrkaHdlt'ngar,  Vol.  VI., 
pp.  41(1-435,  fiti  Diii<  Plate. 
Describes  the  occurrence  of  china-cia;  at  twouty-four  localities  in  Northern  Scania. 
Aiuilpies  of  the  clay  from  BoijOkloit«r  and  Mj5Ikal^nf^  are  given  and  compared  witii 
the  above-mentioned  kaolin  from  Hultebo.  The  Scania  clays  are  in  bcpth  casei  more 
siliceoQB  ibttii  the  latti-r.  These  newly-discovered  Swedish  deposits  are  of  workable 
citcnt  and  promise  In  become  valnuble  in  time.  Q.  A.  L. 


RECENT  VEIN-PILLINO. 
Oa  Mineral  Vein  Fomatioa  aoto  in  progmt  at  Sliamtoat  Sprinffl,  compared  tpilh 
tke  same  at  Sulphur  Bank.     B^   PuoTKSsa-a.  JosEl-Q  Lk  Uontm.     Ameriean 
Journal  of  Sdenct,  Ser.  a,  Vol.  XSF.,  1883,  pp.  ■124-438,  (too  Figuree  in  text. 

Tlie  Steamboat  Springs  are  in  Washoe  County,  Nevada,  on  the  railway  to  Canon 
and  Virpnia  City.  They  occur  at  intervals  along  lineg  of  fissures  in  the  geyserian 
deposit  of  tho  springs  themiclvei.  The  latter  are  partly  filled  and  are  now  filling  with 
qnartz  veinstone  nf  ribboned  iitructnre.  and  contwning  metallic  salphides.  After  com- 
paring the  pl]CDnni<'na  exhibited  by  these  modern  veins  and  the  weU-knuwn  ones  at 
Sulphur  Bank,  the  author  tbnii  sums  up  the  facts  to  be  inferred  from  them  ;— "  1.— In 
true  geysers  the  waters  being  pure  alkaline  carbonates  deposit  only  silica.  2. — At 
Steaulbrnt  Springs  there  are  some  alkaline  sulphides,  but  not  enough  to  prevent  a 
cmst  of  deposited  Mliea.  8.— At  the  California  Geysers— m-ciilled — solfataric  action  is 
eonnpiouous,  and  therefore  no  crust  is  formed,  but  only  earthy  residue  of  acid  decom- 
poNtion  of  surface  rocks.  Here  we  have  aUn  motalUc  sulphides  deposit^,  but  these 
are  of  little  ralne.  4  —At  the  cinnabar  mines,  near  Steamboat  Springs,  wa  have  solfa- 
tarie  waters  depositing  cinnabar  and  other  metallic  sulphides  in  considerable  quantity, 
but  wliether  in  ptwatable  i|uantity  cannot  be  known  certainly  unless  deeper  eiplor*- 
Uons  be  nndertakeii.  Finally,  nt  Sulphur  Bank,  tho  depo<it  of  the  rael«llic  nnlphidos 
is  ahnndant.  and  the  formation  of  roetalliferons  veins  U  iUuBtrated  in  the  most  perfect 
manner  on  account  of  the  deep  eiplorationa  undertaken  at  this  place."  .  .  .  "  It  would 
seem  that  ijtnoous  aelion  Bup[>lie»  a  necessary  condition  (heat)  for  tha  formation, 
rather  tlian  that  igneoim  ro<-kt  supply  the  malirrialt  nf  metalliferous  veins."     (p.  428.) 

This  i«per  is  a  continuation  of  one  in  Vol.  £XIV.  of  tlic  Journal,  page  S3,  on  the 
Snlphnr  Biink  mincml  depnsili:.  Q.  A.  L. 


ORIGIN  OF  MINERAL  VEINS. 

On  He  Oenerii  of  Mt/alUfiroHi  Vtim.    Sfi  Pbofebsob  Josiph  Lb  COKTB.     .4m. 
Joamat  ofScitHee,  Ser.  3.  Vof.  XXJ'I..  lt(83,  pp.  1-19. 

Tlie  Riithor  reg&nlM  the  view  tliat  metallifcroni  reins  have  been  deported  tmn 
solutions  at  thoroughly  OBbiljIiBbed,  erea  in  the  aae  of  ciiinnbitr.  In  this  paper  he 
diMLisso  the  cnnditions  under  which  deposit  biket  place,  and  what  in  addition  to  wat«r 
have  been  the  solvcntn.  Cooling  And  relief  of  preuure  have  been  the  chief  eauie  of 
d(^poait>  bnt  to  this  muiit  he  added  (a)  the  a^ucj  of  organic  nntter  tircnUtiug  in  the 
sMlie  lolution  with  metAllio  sulphates  in  reducing  tbem  and  deporiting  them  an  metallic 
■alpMdei;  {6)  the  neutralisation  h;  the  aoids  of  organic  d«uinp<vntimi  of  alkaline. 
carbonate,  and  sulphide  wateri  holding  silica  and  metallic  sulphides  in  solution,  and 
the  consequent  deposition  of  the  latter  i  (?)  the  meeting  in  the  same  fissure  of  waten 
charged  with  differont  materials  resulting  in  re-action  and  deposition.  The  ftbove, 
the  author  believes,  "is  an  □utliu(>  of  a  true  theorj  of  the  gcuesii  of  metaUiferons 
r™."    (p.S.) 

Dr.  F.  Sandbei^er's  views  of  vein-fonnAtion  are  then  stated  and  criticised,  and  the 
author's  principles  are  nert  applied  to  the  eiplanatinii  of  the  ordinaiy  phenomena  nf 
mineral  veins  taken  in  the  foltowing  order : — 1. — Association  uith  metamorphiKm. 
B. — Absence  of  snrface  effects  of  solfataric  action.  3, — Tariation  in  vran  content*. 
4. — Variation  of  richness  with  depth.  5. — Origin  of  the  alkaline  and  metallic  sul- 
phides. 6.— Heat  nut  always  necessarj.  T.— Occurrence  of  gold  (originallj  in  solution 
as  a  sulphide,  and  deposited  with  other  metallic  sulphides,  but  being  eitremel;  nnstable 
as  a  sulphide  gl^vc  up  its  sulphur  to  the  alkali  at  the  moment  of  its  deposition). 
8. — Different  kiuds  of  veins,  viz.: — fissure  veins,  incipient  fiMiires,  irregular  reini, 
substituUon  veins,  contnct  veins,  and  irregular  are  deposits  Q.  A.  L. 


MAGNETIC  BRICKS. 
Erperimenfi  hy  pROFEseoB  Db.  Kobald.    Verciiu-MiUlimtiingi"ii,  Beitaye  n 
reiciiaehe»  ZeitMckrift  JUr  Berg-  tmd  SStteincrm,  1883,  p.  48. 
At  a  distance  of  about  two  yards  from  a  very  sensitive  magnetometer  *aa  placed  a 
transjiarent  measuring  scale,  set  ]ierpendicular  to  the  magnetic  meridian,  and  V] 
objects   being  placed  at  distances  of  about  one  yard  from  the  magnetic  bar  of  H 
instrument,  its  movement,  as  read  from  the  scale,  was  as  follows:^ 

In 

1.— A  common  wall  brick     

2. — Wall  bricks  made  at  Lcabcu  and 

(o)  Air  dried,  almost 

(6)  Half  burnt  

(c)  Thoroughly  burnt  ] 

8.— Brick  from  boundary  wall  of  the  Uallc  salt  mine     ...        i 
i. — llurnt  sluUe  from  a  brickfield  at  the  Tollinggrab  collierf 

6. — Serpentine  stone  f rmn  Kraubath  

6.— Truehjt«  (2  pieces)         (to 

7.— -Chrome  ore  from  Kraubath       ...         

8. — Clean  sparry  iron  ore      

9.— Calcined      .,        „  1 

10. — Iron  screw,  at  a  distance  of  4  inches,  of  oonsiderahle 
influence,  bat  at  a  distance  of  2  feet  7  inches 


rfurJ* 


sn 

ECONOMY  OF  FUEL  IN  IRON  UANUFACTDRE. 
Sludien     tiifr     BreHHttof-ErspartiHg     bei    ginigen    BmtcKproeesivn,       Pbofsssoh 
KpmlwibsBb.    VereiHt  Mill/leiluHgrn.  Beilaga  air  oalerreiciUektH  Zfitiehrift 
/Hr  Berg-  iiurf  EfilUnieaeii,  1883,  yp.  27-29. 

The  Oivora  Iroiiworlia  poBBCSsea  three  blast-furiiacra,  of  which  two  are  asnaU;  at 
n-ork.  and  tvo  Besseoier  ronvertein, 

TliB  two  Unlera,  in  which  W*oiii  is  generated  for  the  bhist.  ntnnd  one  above  another, 
and  are  heated  b;  gas  from  tlic  blaat  fiimacea  instead  of  b;  the  niaal  methods  of 
separate  firing.  Tho  gaaes  are  first  led  into  a  iuparate  chamber  and  miied  with 
prei-iouil;  heated  air,  and  thence  made  tu  piu>  niidor  the  uj>ppr  buihir  aud  right  round 
the  lower  une,  rvachiii);  tlie  chinioey  at  ■  temperature  of  about  530°  F. 

The  saving  of  fuel  hy  this  Dieaus  aniounta  to  from  20  to  SO  tona  per  100  tona  of 
Benemer  ingots  produced. 

In  cases  where  it  ia  posrible  to  convert  tho  ingots  at  once  into  Gniiibed  iron  a  furthur 
saving  in  beat,  and  therefore  in  foci,  cau  be  effected  \i}  worliiiig  tboui  before  the;  have 
bad  time  to  cool,  and,  considering  these  two  savings,  wliat  may  be  called  the  combina- 
tion Bjatem  of  working  will  compare  with  the  usual  sjstem  as  follOH*B : — 

To  I'EOuucB  100  ToHS  OK  Rails. 


(o)  Coke  for  produotioti  of  raw  iron  133'3 

(i)  „      Bessemer  process         6 

.,  as  boiler  firing  30 

(e)  Coal  for  rolling  (excluaive  of  that  for 

motive  power)         ...         30 

Total  ahodkx  or  Yvk.  bh)cibbii. 


Coke 


WATER  GAS. 

Eriengntig  und  I  mMWtmjf  poh  Waaergai  all  Brena-  utid  BfUuchfungt  mateHale. 

HoFRATn  VON  TttSBBH.     Vereint-ifitlheilungen,  Bdlagt  xur  otiltrreichiieheH 

Zeitsckrift  fSr  Brrg-  M»d  EittsHwaen,  1883,  pp.  48-48. 
A  comparison  between  common  gas  and  wati>r  gas  made  bj  Strong's  Qas  Generator 
shows  that  1  lb.  of  clean  coal  will,  in  tho  first  case,  produce  88  cubic  feet  of  heating 
gas  with  948  cubic  feet  of  iUumiiiating  gas  of  3.41G°  F.,  or  22,144  units  of  heat.  In 
the  case  of  water  gas  I  lb.  of  coal  will  produce  68  cobic  feet  of  heating  gas  with  1,137 
cubic  feet  of  illuminating-  gas  of  5,135°  F.,  or  41,B67  units  of  heat,  giving  thus  ncarlj 
twice  aa  man;  nnit«  of  heat  and  a  temperature  about  one-third  higher.  This  apparent 
r,  halancedbjtbe  loss  of  the  foal  expanded  in  rusittg  the  steam  required 


iu  the  w 


T  gas  proces^- 


A.B.  L. 


BLASTING  WITH  DISTRIBUTBD  CHARQES. 

%U  vtrtkeilU*    Laduagen.      Hnoo    MVKCH.      rgreiiu-MitllieilaH^em, 
Beilaye  tur  oetlerreichuchen  Zeiliehrijt  /Sr  Berg-  uiid    SilieiHuetai,   1883, 
pp.  62-53. 
During  Home  qiiarrjiug  o]i«nition»  at  Triful  a  mass  of  11,137  cubic  jbMb  of  rock 
naa  blasted  cIdwd  witb  170775  ]\ii.  of  djiismite  in  eight  cbu-ges,  which  were  fired 
aimultaiie'iusly  b;  electricity.     Tlie  cost  for  material  and  wages  amounted  to  £97.  or 
2'09d.  per  cubic  yard.     Hcrr  Miinch  reconimeiida  a  still  further  distributiou  of  blasting 
charges,  and  calculates  that  to  have  done  the  same  work  with  17  boreholes,  each  con- 
tuning  two  charges,  would  have  cost  £88,  or  about  I'Sd.  per  cubic  yard. 

He  aUo  maintains  that  with  cbaiges  tbna  reduced  the  shattering  effect  of   Uu 
explouon  would  be  considerably  lessened.  A.  B.  L. 


EXPBUIMENTS  WITH  QUIBAL  FANS. 

Uiber  Oruienvenlilatortn  nack  Daniel  Murgiu  und  dtr  Quihal-  VenHtator  n>  Co*. 
htreJonde.    MahB'Ostbait  Clitb.     VereiiU'MitlheiliiKgtn,  Btitagt  tur  oetter- 
niekiteAen  Zeitiehriftfir  Btrg-  und  HitUnwtltn,  1883,  pp.  4-7. 
PASTICCI.AB3  OF  Fan. 

Diameter  ...         

Breadth 

Re  Tolutiona  per  minute 
Theoretic  height  of  water-gauge 

Density  of  atmosphere  being  taken  at  I'lS 

pABTIOVLABe  OT  Ehqihi. 

Diameter  of  piston        ...         191  inches. 

Length  of  stroke  1  foot  71  inches 

PABnCTJI.ABB  OP  Ata  UBAHCftBUENT. 

Section  of  ur  passage  at  fan  inlet     8*93  sq.  yards. 

Section  in  the  pit  6-28       „ 


29  feet  6  inehes 


2-OB  inches. 
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DUmotcr  of  fan,  23  feet ;  breudtli  of  Fmi.  5  feet  7  iiiebes. 

|s 

i5 

a 

1 

1' 

|1 

OoKDmoB  or  Vkbti- 

& 

A 

i 

if 

f 

RlHAUU. 

No.   3.      The  bladra 

18-76 

1-40 

tkkcn  oS.  House  uot 

30'BO 

E-80 

To  deUirmiue  Fric- 

yet built. 

60-50 
75-00 

9-01 
24-80 

tion  of  macbiu  erj 

No.  ♦.     Boate  partlj 

19-26 

30-00 
48-SO 

~2i7 

8-fia 

6-80 

bottom    of    CT- 
Under. 

built.        VcDtiUtor 

87-50 

20-46 

moanted,  but  with- 

B7-00 

27-00 

1 

oat  bUdcs. 

19-75 

51-00 
84  50 

2-26 
6-86 
24-80 

1  Disgrams      from 
f      lop  of  cjlinder. 

16-00 

1-30 

■14 

20-00 

1-87 

■20 

No.l.  llliules  in  place. 

29-&0 

4-26 

■31 

UouxenotbDilt.  Air 

WOO 

6-60 

■49 

from  shaft  shut  off. 

49-50 
60-00 
67-00 

10-94 
18-31 
25-06 

-69 
1-04 
143 

El  peri  menu        on 

fereiit  speeds  with 
and  without   tbe 
honre. 

73-00 

31-06 

161 

No.  5.     Hniiae  built, 
but  witboQt  ■diuRt- 
iiig):lide.    Air  from 
sliftft  shut  off. 

39-00 
43-00 
72  00 
82'W 
9000 

6-36 
8-00 
Sl-34 
33-00 
38-88 

'43 
■71 
1-70 
2-13 
2-66 

_^ 

No.  6.  BItHlMinpUce. 

43-00 

1177 

201 

■67 

1-10 

-09 

In  the  i-*ae  where 

67-00 

19-40 

310 

1-10 

3-27 

-17 

House  built  eieept 
Tent.         Air     beiug 
drawn  from  pit, 

70-00 

28-68 

433 

1-54 

0-37 

■21 

were   obt^nrd    a 

93-60 

69<22 

636 

2-81 

17-17 

■29 

_ 

93-00 

64-41 

733 

2-81 

19-80 

-31 

18  inches  square. 

30-501     4-80 

235 

•83 

7B 

■16 

No.  2.         Veutilator 

38-50 

8-53 

-59 

complete.  Air  being 

63-00 

1723 

337 

-94 

3-05 

18 

Door  open. 

drawn     from     pir. 

63-10 

26-34 

.. 

130 

House  not  built. 

72-00 

87-88 

... 

1-69 

1 

76-60 

44-34 

617 

1-93 

957 

■22 

No.  7-     Fin  draniug 
from   pit.       Houw 
■nd  vent  built,  but 
without  slide. 

41-00 
61-00 
83  00 

7-45:     St& 
17-94      497 

47-00       838 

■67 

!■&■! 

1^95 
7-60 
26-70 

■26  i 

84-00 

47-00' 1.010 

3-11 

31-02 

-57       of  vent. 

1 

101-00 

47-00' 1,040 

4-49  1  31-02 

■67  1 

No.  ».      EverTthintt 
complete.  Slide  trith 

68-00 

18-66 

1-26 

1 

6  incbes  openini;. 

No.O.     Slide  inmost 

effecUve  position  -^ 

68-00 

20-10 

... 

1-9S 

1 

25^  inches  opeuing. 

L 

^^H 

A.  R.  L. 

1 
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NEW  SAFETY-LAMP. 

Unexplodirbare  Sicherheitalampe.  Pbofessob  V.  Cubteb.  Vereins-Mittkeilungeny 
Beilage  zur  oeaterreichischen  ZeiUchrift  fir  Berg-  und  Huttemweten,  1883, 
pp.  45-46. 

Professor  V.  Curter  is  the  inventor  of  a  safety-lamp,  which  he  believes  to  be 
much  safer  than  any  of  those  in  ase.  The  construction  is  such  that  the  air  Id  its 
passage  to  and  from  the  light  must  pass  either  through  several  coils  of  spindly 
wound  copper  wire  or  through  a  system  of  brass  plates  ])laced  parallel  to  each 
other  and  very  close  together,  the  usual  wire-gauze  cylinder  giving  way  to  one  of 
glass.  The  lamp  is  so  contrived  that  the  act  of  o).>ening  it  puts  the  light  out.  lu  con- 
nection with  this  subject,  an  apparatus  is  described  called  the  Anselm  Indicator,  wluch 
is  a  kind  of  manometric  balance,  and  will  indicate  the  presence  of  dangerous  quantities 
of  gas,  by  means  of  the  varying  specific  gravity  of  the  atmosphere.  The  indicator  has 
electric  connection  with  an  alarm  bell  which  rings  when  the  arm  of  the  balance  falls  so 
low  as  to  indicate  danger. 

A.  R.  Li. 


IMPROVEMENTS  IN  MINING  METHODS. 

Verbeaaerungen  bet  den  bergm&nnischen  Oewinnungaarbeiten.  Pbofbssob  Rochslt. 
Vereina-Mittheilungen,  Beilage  zur  oeaterreichitchen  ZeiUchrift  fur  Berg-  und 
HuUenweaen,  1883,  pp.  89-41. 

The  Professor  mentions  some  improved  methods  of  blasting,  and  describes  several 
boring  and  coal-cutting  machines  used  in  Saarbriicken,  Westphalia,  and  other  mining' 
centres.  Tlie  driving  of  air  passages  with  the  pick  has  been  superseded  in  these  districts 
by  the  use  of  hand  machines,  which  can  bore  cylindrical  holes  of  from  10  to  20  inches 
in  diameter.  The  machines  of  Weg^e  and  Pelzer,  Gildcmcister,  and  Muuscheid  and 
Hussmaim  arc  specially  mentioned  and  described.  That  of  Wegge  and  Pelzer,  for  holes 
from  12  to  14  inches  in  diameter,  is  worked  by  two  men  at  a  time,  each  turning  a 
handle,  and  when  worked  by  four  men,  in  relays  of  two,  will  penetrate,  according^  to 
the  hardness  of  the  coal,  from  120  to  145  yards  per  shift  of  10  hours.  The  machine  of 
Munschoid  and  Uussmann  also  requires  two  men  to  work  it,  and  with  ordinary  hard- 
ness of  coal  will  bore  a  20^ -inch  hole  at  the  rate  of  1*09  yards  per  hour.  With  holes  of 
llf  inches  in  diameter  the  cost  of  boring  is  given  as  about  Is.  4^d.  per  yard.  The 
ordinary  sizes  are  for  holes  of  14^  inches,  16^  inches,  18^  inches,  and  20|  inches 
respectively,  and  the  first  cost  of  a  machine  is  about  £35. 

A  comparison  is  made  between  hand  kirring  and  that  done  by  cutting  machines. 
A  '*Reska**  machine  working  in  a  27  to  29-inch  seam  in  the  Ostran  pit  will  kirve  a 
surface  of  48  square  yards,  the  depth  of  the  cut  being  2*952  feet  and  the  width  3*15 
inches,  a  hewer  being  able  to  kirve  a  surface  of  1*8  to  2*15  sijuare  yards  in  the  same 
time,  with  a  depth  of  cut  of  2*9  feet  and  a  width  of  11 J  inches.  The  machine  work 
shows  a  saving  of  2jd.  per  cwt.  of  coal  worked,  and,  at  the  same  time,  an  increased 
proportion  of  round  coals  to  the  extent  of  10  per  cent.,  the  whole  gain  being  about 
3d.  per  cwt. 
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Reference  is  made  to  the  use  of  compressed  blasting  jwwder  in  Prussian  Silesia  with 
good  results.  In  the  Laura  pit,  Upper  Silesia,  a  blasting  cartridge  is  in  use  which, 
with  an  increased  fall  of  coal  of  about  5  to  6  per  cent.,  shows  a  saving  in  powder  of  23 
per  cent.  Its  peculiarity  lies  in  the  fuse  being  introduced  into  the  charge  through  a 
perforated  pa])er  case,  about  20  inches  long  by  i  inch  inside  diameter.  It  is  considered 
that  the  ignition  of  the  jiowder  is  by  this  method  more  complete,  and  that  the  explosion 
takes  place  more  nearly  instantaneously.  A.  R.  L. 


PRODUCTION  OF  ZINC. 

Zur  Geschichte  des  Zinkes.  Rboibrungsbath  Ernst.  Vereins-MtUheilun^en, 
Beilage  zur  oesterreichischen  Zeittchrift  fur  Berg-  und  SUtlenwesenf  1883, 
pp.  44-45. 

This  gives  a  history  of  zinc  from  early  times,  and  shows  its  production  to  have 
greatly  increased  during  the  last  quarter  of  a  century.     The  figures  are  as  follows : — 


1858. 

1881. 

Cwta. 

Cwte. 

Silesia 

380,000 

675,470 

Rhine  districts  and  Westphalia 

154,000 

325,200 

Belgium,  Vieille  Montague  Works 

270,000 

496.000 

Do.        other  works 

95,000 

442,110 

England 

75,000 

151,860 

France     

5,000 

104,450 

Spain        

15,000 

70,320 

Austria     

10,600 

42,300 

Russia      

15,000 

43,000 

North  America 

300,000 

Total 

...      1,019,500 

2,650,710 

A.  I 

SILVER  AMALGAMATION. 

Anfang  und  Ende  der  europdischen  Silberamalgamation.  Professor  V.  Cubtbr. 
Vereina-Mittheilungen,  Beilage  zur  oesterreichuchen  Zeitschrift  fUr  Berg-  nnd 
Huttenwesen,  1883,  jvp.  21-22. 

The  extraction  of  silver  from  the  ore  by  means  of  quicksilver,  which  had  been 
practised  in  Austria  from  very  early  times,  was  revived  in  the  year  1570  by  Johann  de 
(;!ordova,  his  method  being  borrowed  from  America. 

The  ore  was  ground  fine  in  a  mill  and  mixed  with  salt,  copper  vitriol,  and  iron  vitriol. 
It  was  then  damped  and  left  lying  till  it  became  warm,  when  it  was  strewed  with 
quicksilver  and  well  mixed.  This  process  being  completed,  fresh  quicksilver  was  added, 
which,  by  combination,  took  up  the  amalgam  crystals.  The  amalgam  was  then  filtered, 
put  into  leather  bags  and  pressed,  and  finally  smelted. 

Just  100  years  ago  Bergrath  von  Born  introduced,  at  GlashUtten,  near  Schemnitz,  a 
method  differing  slightly  from  the  foregoing,  and  this  was  followed  till  it  g^ve  way  to 
newer  modes  of  working  some  25  or  30  years  ago.  A.  R.  L. 
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TRANSCAUCASIAN  MANGANESE  DEPOSITS. 

Oisementa  de  ^fangan^9e  de  la  Transeaueaaie.     By  J.  Rbvlraux.     Anuales  de  i 
Soci6tS  Oiologique  de  Belgique^  Vol.  JX.,  1883,  pp.  cxxxviiu-exlii. 

The  inaiiji^ncse  de})ositd  described  in  this  paper  are  situated  in  the  neighbourbi 
of  the  viUage  of  Tchiatura,  about  40  versts  fnnn  the  Koirile  Station  on  the  Poti-Ti 
llaihvay,  in  the  <iovernment  of  Kutai's.  Thejr  occur  as  compact,  hard,  or  oolitic  mass 
forming  thin  beds  in  the  upper  portion  of  the  Eocene,  where  the  latter  paitses  ins 
sibly  int^)  Miocene.  There  are  nine  of  these  beds,  having  a  total  thickness  of  8 
metres,  and  they  alternate  with  talcose  or  manganesiferous  clay.  Analyses  of  1 
varieties  of  these  ores  show  the  following  composition : — 


1. 

2. 

3. 

4. 

5. 

H,0 

...       2-40     .. 

1-61 

.  •  • 

1-20     . . 

0-74 

•  •  • 

1-26 

SiO, 

..       4-49     .. 

6-67 

•  •  • 

2-88     .. 

0-74 

•  •  • 

1-69 

Al.O, 
Fe.O,       ... 

...       1-68     .. 
..       0-53      . 

214 

003 

► 

• 
2-34     .. 

112 

* 

1-27 
0-26 

MnO, 

...     85-67     .. 

.     85-77 

•  •  • 

84-90     .. 

.     94-32 

91-23 

MnO 

...       1-98     .. 

0-80 

•  •  • 

2-50     . 

1-82 

2-40 

CaO 

...      0-76    .. 

0-87 

>  •  • 

0  33     . 

traces 

0-58 

MgO 

...      0-20     .. 

0-24 

•  •  • 

0-32     . 

0-20 

0-31 

BaO 

...       0-88     .. 

0  68 

•  •  • 

311     . 

traces 

traces 

SO, 

— 

— 

•  •  • 

119     . 

Ph,0,       ... 

...       0-42     .. 

0-40 

,.. 

0-35     .. 

0-06 

0O8 

Total     ...     9901     ...    99-21     ...    9912     ...     9900     ...     99-08 

The  deposits  were  formed,  the  author  thinks,  in  a  shallow  sea,  near  coasts  wh 
periodical  currents  were  common.  G.  A.  L. 


GOLD  IN  BORNEO. 

Das  Qoldvorkommen  von  Borneo.    By  Tiieodob  Posbwitz.    Jahrbuck  d,  h.  mn^ 
Qeol.  Anstalt,  BudaPesih,  Vol.  VI.,  18S3,  pp.  175-190. 

A  general  account  of  the  distribution  of  gold  in  Borneo.  The  auriferons  depa 
are  of  three  kinds — alluvial,  diluvial  (drift),  and  massive  rock.  The  first,  for  a^es  j 
worked  by  the  natives,  are  now  much  reduced  in  value,  but  were  once  of  great  cxt« 
following  the  course  of  all  the  rivers  of  the  country.  Tlie  second,  or  drift  depos 
are  at  present  the  richest  in  the  island,  and  are  chiefly  worked  in  West  Borneo,  betw 
the  Rivers  Landak  and  Sambas.  They  are  generally  concealed  by  a  covering  from  \ 
to  ten  feet  thick  of  clay  or  loam,  and  themselves  vary  in  thickness  from  a  few  inc 
to  between  30  and  40  feet  in  places.  They  consist  principally  of  quartzose  sand,  mi: 
occasionally  with  fragments  of  greenstone,  syenite,  and  gabbro.  The  gpold  found 
these  sands  is  associated  with  platinum,  diamonds,  magnetite,  and  chroniite.  Und 
lying  the  gold  drift  beds  is  almost  invariably  a  layer  of  clay  due  to  the  weathering 
the  massive  rocks  beneath,  and  containing  no  precious  metals. 

The  gold,  both  of  the  alluvium  and  drift,  is,  of  course,  derived  from  the  older  roc 
and  in  these — though  sparingly — it  is  still  found.  Thus  it  occurs  disseminated 
metamorphic  schists,  and  even  in  granite  as  well  as  in  quartz  veins,  in  the  more  ns' 
manner.  It  is  also  common  in  various  proportions  associated  with  iron  and  cop] 
pyrites,  zinc  blende,  tenorite.  and  tellurium  in  copper  and  other  lodes. 

G.  A.  L. 


GOLD  AND  SILVER  IN  THE  UNITED  STATES. 
Production  efihe  Prieimis  Mefals.     By  Clabbncb  Kino.      Second  Annual  Siporl 

qf  the  United  Slatrt  Qeolosical  Surfei/  io  Ihe  Secrelarg  of  tie  Interior,  for 
188l>-8l.  Waakingtan,  1882.  pp,  337-401.  Si*  Plalf  {PI.  ilviii.-Iill.) 
The  author  groupg  the  gold  and  rilvar  minos  of  the  conntry  nnder  two  headi — deep 
minei  and  placer  iniues.  Tho  former  compriap: — I.— Mines  of  free  gold,  dt  of  gold 
alloyed  with  a  amall  proportion  of  silver.  2.— Minw  of  silter  ores,  containing  only 
traces  of  gold.  3.— Mines  yielding  dari  bullion  from  milling  ore*  contuning  both 
gold  and  silver  in  apprccioble  quantities.  4.— Mines  yielding  bue  bulUun  from  smelt- 
ing ores,  in  which  the  precious  nclals  are  associated  witli  largar  qoantiljes  of  lead, 
copper,  etc.  Tbc  leading  types  of  the  phtccr  or  drift  and  alluviain  diggings  are  (1) 
hydraulic  mines;  (2)  dry  washings;  (3)  booming  and  shoTel-sluicing;  (4)  river  mines; 
(6)  pocket  raines;  (6)  drift  mines;  (7)  bnuich  mines;  (8)  black  sind  littoral  deposits. 
Full  statistics  of  the  prodnetion  of  the  prcuiuus  metals  fur  the  census  year  (June  1st, 
1879,  to  May  31st,  1880)  arc  then  given  by  gengmpliical  divisions.  Summaiizcd,  these 
tables  give  the  following  resalts: — 

□oliL  BUisr.  TolitL 


Pacific  division       

Itocby  Mounta,iQ8  division  .. 
Eastern  dividon      

Total        


25,261.828        21,113,881        46,«5,7O0 

7,878,189        19,917,-190        27,795,679 

230,646  49,580  289,233 


33,3! 


41.110.957         74,490,620 


In  converting  United  States  money  into  Troy  weight  it  should  be  remembered  that 
for  gold,  1  dollar  =  0018371957925  ounce  Troy,  and  1  ounce  Troy  =  20-671834  dollars. 
For  silver,  1  dollar  =  0-773 455023u  13  onnce  Troy,  and  1  ounce  Troy  -  1-2929  dollar. 

Couipariug  tlic  annual  bullion  production  of  the  great  divisions  of  the  worlt).  North 
America  stands  Grst  with  55-73  per  cent,  of  the  tottd  product.  Europe,  including  llassia 
in  Asia,  neit  with  21'75  per  cent.,  then  Australia  with  la-93,  South  America  with  468, 
Africa  1-10,  and  Japan  with  076  per  cent. 

Altogether  seventy-two  tables  are  given,  and  the  infurmation  Goulained  in  tbem  is 
also  shown  graphically  in  the  pUtes  which  accomp«ny  tho  report.  Q.  A.  L. 


IRON  ORES  OP  VIRGINIA. 
Tie  Iron  Ore*  of  Middle  Jamet  St'ver.    By  Dn.  Pbesifob  Fbaibb.     Traiuaetioiu 
of  the  American  Imlilute  of  Mining  Engineers.    Vol.  XL,  1883,  pp.  B01-21B. 
Ttea  Plate/  fcouloured  Map  and  SeetionJ. 
The  ore  liislriot  desoribed  comprijes  tlmt  portion  of  the  ferriferous  belts  of  Virginia 
tvhiL-h  lies  between  Joaua  Falls  and  Norwood,  in  Amherst  and  Nelson  Connties,  ou  the 
left  bank  of  James  River.    Tlio  ore-bearing  rocks  are  probably  the  same  in  geoli^ical 
horizon  as  part  of  the  great  iron  series  of  the  Northern  Peninsula  of  Miohigou.    They 
are  probably  of  Huronian  ago.    Tlie  ores  show  ample  evidence  of  having  been  de]>osited 
by  utotosoniatic  action  among  the  schists  which  enclose  them,  and  they  are  f  reqaently 
cut  off  by  intrusive  masses  ("  chutes")  of  qoarti.    A  general  description  of  the  worka 
of  the  Central  Virginia  Iron  Company  is  given,  as  well  as  a  lai^  nnmlier  of  analyses 
of  ore  from  this  region,  and  also  from  that  of  Uacqactte.  for  oomporison. 

a.A.1., 


THE  HASSICK  MINK,  COLORADO. 
On  Iks  Prculiar  Featarfi  of  the  Bauict  Mine.  B/i  h.  R.  Grabiu.  Traniaetio^ 
of  He  American  IitlUvIe  of  Miainy  Engineer,  Vol.  XI.,  I8S3,  f  p.  UO-117. 
Tliil  mina  ia  sii  iniles  cact  of  Silrer  Cliff.  Colondn,  and  ia  aitnaled  nrar  tlie  centn 
of  Q  email  mundod  hill  of  eruptive  trucliyto  and  felspntliic  cimglomcrste.  The  chiel 
pecaliariticj  of  the  ore  dnposit  ore  m  followa: — The  orci  (gold  and  nlrol),  imtMt 
of  baing  oa  nioal  ftmnged  in  lnTera  more  or  less  parallel  lo  the  vcia  wklU.  are  foam 
disposed  in  eonoentric  coats  snironiiding  what  are  regarded  ai  watom'om  pebbles  o> 
boolden  iif  tlio  Batat>  material  as  the  eoantrj  reck  (trachyte),  each  ore  in  a  scpatmt* 
lajer,  and  alivajs  in  tho  mtDO  order.  The  first— neit  lo  tliB  nucleos— is  the  thinne»i 
bjer,  and  conaiata  of  }  to  1  milliinctro,  on  on  arentgc,  of  mixed  inlphidet  of  nne 
antimnn;,  aiid  load,  carrying  oboat  60  ounces  uf  silver  and  1  Ui  3  oaaces  of  gold  pei 
ton.  The  second  dnting-  is  nut  always  proacnt.  bat  when  it  oecnn  conlBina  roan 
lead,  liiver,  and  gold  than  the  Hrat.  often  ISO  to  200  ouncen  of  rilrer  and  100  oanees  ol 
gnld  por  Con.  The  next  shell  is  6  miUimetrea  to  5  ceiitinictrej  tbicV,  and  consista  ol 
sphalerite  in  line  crystals ;  it  yields  frnm  60  In  ISO  nnnves  of  ailvor  and  13  to  50  onnoei 
of  gold  per  ton,  and  forms  the  most  mlnahle  part  of  the  mine.  The  fourth,  wot 
gonorally  the  last  coat  when  present,  is  of  copper  pyriles,  1  to  2  centimetre*  thick.  Ii 
carries  as  high  as  from  50  to  100  onnees  per  Urn  of  silver,  and  about  as  mnch  of  gold 
A  fifth  layer  sometimes  occurs,  formed  of  a  aprinltling  of  crystals  of  iron  pyrites 
Eaolin  fills  in  the  iutvrstiees  between  the  oru-cuatcd  Iwuldors,  sad  therefore  none  ol 
the  ordinary  spars  of  metalliferous  veins,  eicept  some  qnartj,  which,  with  tetiahcdrite 
is  found  oecnpying  spaces  outcde  tho  boulders.  This  quartz  is  such  as  might  havi 
been  deposited  in  a  gelatinous  state,  and,  vith  the  other  exceptional  facts  canaectec 
with  the  deposit,  loads  the  author  to  regard  the  tatter  as  having  been  the  seat  of  i 
gcyieriau  mineral  spring.  The  shape  and  dimensions  of  the  llssnre,  or  more  properlj 
"opening,"  containing  the  ore-bonlders,  as  well  a*  ita  Terticality,  favonr  this  view. 
Still  more  striking  amnng  all  Ihs  sjngnlar  features  of  the  mine  is  the  presence  of  ehar. 
coal  in  cavities  or  pockets  between  the  ore-coated  boulders.  This  substance  oecnn 
at  all  depths.  The  last  pocket  of  it  was  found  at  765  feet  from  the  snTfacc,  equal  it 
siic  to  a  Bubo  with  an  edge  of  30  centimetres,  and  the  charcoal  showed  the  grajn  of  tlu 
original  wood  distinctly.  Q.  AJ^^ 


GOLD  IN  CRETACEOUS  KOCES. 


\tHion  County.  Texai.     Bff  Peofbssok  Cbatiuis 
of  tie  AmeHcaH  Initilute  of  liiHlng  Etgineeri, 


On  the  ofcHrrenee  of  Gold  i«  Will 

A.  Scii.F.Fi'KK,      TrajitacHon 

Vol.  XL,  18S3,yji.  313-321. 

Tliis  is  the  first  record  of  tiie  oceurrcnee  of  gold  in  Cretaceooa  rocks  in  the  United 

States.    It  was  found  irregularly  disseminated  in  a  bed  of  porous  limestone  of  that 

ago.    The  gold  was  introduced  into  the  rock,  the  anthor  thinks,  in  the  condition  of 

auriferous  iron  pyrites.    The  decomposition  of  tho  lattisr  and  of  the  limestone  gave 

rise  to  calcium  sulphate,  vhich,  being  worked  out,  caused  the  porona  character  of  the 

ltone>  leaving  the  gold  and  some  of  tlio  brown  oxide  of  iron  entangled  among  its 

croviccs.    The  amount  of  gold  foand  is  moderate  only,  and  some  parts  of  the  bed  of 

limestone,  though  othorwise  similar  to  the  rest,  contain  none  at  alt.    Tliere  is  n  tradi- 

tioii  that  the  Mexicans  iu  former  time  worked  tho  rook  for  silver,  which  it  docs  not 
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GILPIN  COUNTY  MINES,  COLOKADO. 

Tki  3fi'tt«  and  31illt  of  QUpia  Counts,  Colorado.  Bg  Col.  A.  N.  RooMB.  TroHtae- 
tiuntoftke  American  iHitilule  of  mHi«g  Enginttrt.  Vol.  XL,  1883,  pji- 29-61. 
Theao  mines  occupy  n  limited  Area  of  u  few  iiiiics  in  the  imniediate  neighbourhood 
of  Ceiitml  Citf.  Altn^i^hcr,  mthin  thii  area,  some  400  niUes  of  trim  are  recnided. 
Tbo  country  rock  is  eud  to  bo  motamorphic  grunitc,  in  which  the  plauea  of  biding 
■re  wcil  uutrked,  and  in  wliich  two  oouitant  directions  of  vertical  ioinls  arc  everywhere 
developed.  Tbo  veins  or  lodei  occiipy  theso  jointa,  and  no  fanltiug  of  iraportonca  i« 
known  in  tbo  d«trict.  The  vein->tuff  consiate  gencmllj  of  ftlspatliie  quarti,  through 
which  arc  diuominated  fine  pyritoui  matter,  as  well  as  "  mssaes,  truxat.  and  string*  "  of 
of  the  varinns  ores  charscltrixing  the  veins.  Cavities  in  tbo  vein-irtnlT  arc  lined  with 
quarti  crysfaU,  having  their  long  axea  parallol  to  the  cheeks.  The  amnlry  rock  shows 
no  perceptible  change  on  approaching  the  voins.  Tbo  Utter  are  gold  and  ulvcr  bearing, 
these  precious  metals  being  foand  iu  very  various  associDtioili.  tlins ;— "  One  lode  may 
carry  its  value  in  copper,  another  in  iron,  the  next  in  blonde,  the  fourth  perhaps  in 
.ngalen 


The  concluding  part  of  tlio  paper  comprises  i 
the  ores  in  nie  in  the  district,  and  the  disciissi 
chiefly  opon  this  portion  nf  the  subject. 


f  cmnt  of  the  inethoils  of  Irrating 
which  follows  (pp.  El-56)  bears 
11.  A.  L. 


THE  SAN  JDAN  MINING  BEGION,  COLOllADO. 

Kolri  an  thf  Oeology  and  Mintralogg  of  Sam  Jttan  County,  Colorado.  Sy  Theodobb 
D.  COHSTOCK.  TramactioM  of  the  American  Inititute  uf  Mining  Engineeri, 
Vol.  XI.,  1SB3,  pp.  1<!6-191,  vilh  Hap,  and  Imo  WoodcvU  in  text. 

San  Joan  Coanty  comprises  a  portion  of  the  hydrographic  busin  of  oue  branch  of 
the  Colorado  Kiver,  and  includes  all  the  upper  ramifications  of  the  Atiimu.  with  small 
areas  at  the  sources  of  tbo  Rio  Orandc,  and  of  branches  of  the  Qnnniooii  lUvur.  The 
lowest  ground  is  about  S.GOO,  and  the  highest  13,975  feet  almvt  sea  level.  Tlie  oldest 
rocks  of  the  country  are  probably  of  Silurian  and  Devouiaii  age,  and  arc  cbielly  granites 
and  qnartiites,  which  together  fonn  n  Metamorphic  isries  of  imjiortance.  Theae  tie 
■acceoded  by  comparatively  small  oulcropi  of  shates,  limestones,  and  thick  red  sand- 
stoues  of  Carboniferous  age.  Triassic,  Jnrossic,  and  Cretaceoui  bods  are  not  known  in 
the  region,  but  the  Tertiary  ago  is  itrongly  represented  by  a  widely -distributed  series 
of  volcanic  rocks,  which  may  be  grouped  at  follows  (the  first-named  being  the  oldest)  :— 
Propylito,  andesito,  trachyte,  rhjolite,  and  basalt.  Hot-spring  deposit*  of  later  date 
form  a  charaeteriitic  feature  of  some  {larts  of  Che  district. 

The  great  majority  of  the  mineral  veins  of  San  Juan  County  basset  in  the  Tertiary 
trachyte,  but  others  are  known  (including  some  of  groat  value  iu  the  Metamorphic 
and  Upper  Paluinioic  rocki).  They  are,  in  the  anlhor's  opinion,  nearly  all  of  poit- 
Tertiary  origin,  aiul  date  from  the  first  uccnncuoe  of  thu  hut  springs.  The  coura^  of 
the  lodes  bear  no  relation  to  the  trend  of  the  principal  folds  in  the  old  rocks.  All 
the  important  veins,  on*' the  contrary,  am  said  Co  be  arranged  in  a  radiating  manner 
round  certuD  prominentlocalfoei— which,  though  "geological  vein  centres,"  and  of  ten 
actual  peaks  (snch  as  Handie's  Peak,  Kendall  Mountain,  Red  Peak,  etc.),  do  not  bj 
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any  means  always  coincide  with  topographical  prominent  points.  The  cause  of  this 
distribution  of  the  veins  is  connected  with  the  central  localities  of  trachytic  emption. 
Thus  Red  Peak,  which  is  the  main  centre  towards  which  the  primary  lodes  convei^ge, 
is  situated  where  the  main  outbreak  of  trachytic  lava  took  place. 

The  most  prevalent  ores  are  galena,  iron,  and  copper  pyrites,  bismuth  compoundB, 
and  tetraliedritc.  Native  silver  sometimes  also  occurs,  as  well  as  ruby  silver  and  com- 
pounds of  antimony  and  tellurium.  The  ordinary  vein-stuff  is  quartz,  but  calcite, 
barite,  haematite,  and  iluor  spar  are  also  present  occasionally,  the  last  named  being 
least  commonly  met  \«ith. 

"  The  large  deposits  which  are  now  causing  the  great  rush  to  the  Red  Mountain 
district  are,  in  my  opinion,"  says  the  author,  "  the  representatives  of  the  latest  epoch 
of  vein  growth,  and  they  must  be  regarded  as  occupying  caverns  left  by  extensive 
hot-springs.  On  this  account  they  will,  I  judge,  be  found  to  be  quite  irregular  in 
position  and  dimensions."  (p.  190.)  G.  A.  L. 


NATURAL  COKE  (CARBONITE). 

The  Natural  Coke  of  Chesterfield  County,  Va.,  hy  Dr.  R.  W.  Rathond;  and 
Chemical  Examination  of  Carbonite,  by  Db.  T.  M.  Dbowk.  Tranttietioma 
of  the  American  Institute  of  Mining  Engineers,  Vol.  XI.,  1883,  pp.  446-450. 

In  1882  a  mine  was  open  near  Midlothian,  Chesterfield  County,  Va.,  to  work 
of  which  the  following  is  a  section : — 

Whin  rock  (not  igneous  apparently) 

Hard  arenaceous  shale 

Dark  shale,  with  laminae  of  coal    . . . 

Carbonite 

Dark  shale 

Carbonite 

Dark  shale 

Carbonite 

Shale 

Carbonite 

Fire  clay 

Thin  layers  of  whin  rock  occasionally  (apparently  not  igneous). 

A  thick  seam  of  highly  bituminous  coal  is  said  to  occur  beneath  the  coke  seam,  and 
to  have  been  extensively  worked  in  a  neighbouring  property.  The  coke  seam  has  been 
followed  325  feet  to  the  dip;  it  burns  like  anthracite,  without  smoke  or  soot.  No 
eruptive  rock  is  reported  as  occurring  in  proximity  to  the  seam.  The  analysis  (proxi- 
mate) of  the  carbonite  is  thus  given : — 

Dull  PoriioD.                LustroiiB  Portion. 
Specific  gravity       1*375      1*350 


carbonite  or  coke  seam 


J 


Pt 

In. 

2 

6 

6 

0 

1 

0 

2 

0 

1 

0 

2 

3 

1 

3 

1 

9 

0 

1 

9 

0 

0 

8 

0 

3 

Loss  at  100°  C. 

Volatile  matter 

Ash 

Fixed  carbon 


Sulphur 


2*00        0*69 

15*47        1110 

3-20  (dark  brown)  6*68  (white). 

79-33        81*53 


10000 


408 


.  10000 


1*60 


G.  A.  L. 


THE  PENN8TLVANIAN  ANTHRACITE  FIELD. 
The  Anthradla  Coal  Bcda  of  Fenmtsloaitia.    By  Cuarlke  A.  Abhdurneii.    Trantae- 
Hont  of  the  Amerieau  Inatiliitf  ofMiniag  Engi»eer;  Fol.  J/„  1883,  i>jt.  136-159. 
W.-/A  D«e  folding  FlaU. 

The  author,  who  is  in  charge  of  the  Second  Oeoloirieil  Survejr  of  the  Anthracite 
Cnal-fiuldn  cf  PonTisflTiinia.  givu  an  ueoiint  of  tlie  □rg^niutinn,  method*,  and  pub1ic&- 
tioni  of  tho  snriGf.  The  ifttler  inclnde  : — 1. — Mining  map*  on  a  large  acola  (800  feet 
—  1  inclOi  showing  mine  workiiigi*,  niid  tlie  lie  of  the  geams  hj  meuni  of  nrider^ound 

oontonr  linea,  SO  feet  apart.    2 TopoKmpliioal  siirfare  inajM  of  tlio  cool-fielilg  (1,600 

feet  ™  1  inch)  contoured  every  10  and  SO  feet.  3. — Verlicail  crois  wvtians  nf  the  coal 
hasini  (400  feet  i^  1  inch).  4.— C'olnmnar  sectiona  of  the  Coal-Meoanrea  (40  feet  "  1 
inch),  5. — Colnnraar  Bectioni  of  inJividnal  coal'seama  (10  feet  —  1  iocli).  G.— Other 
mi»c«llaneonJi  sheetii. 

Tjpe  sections  nt  the  more  important  i»iiitK  of  the  rc^on  are  given,  illnatrating 
an  attempt  to  correlate  the  principal  seams,  the  different  ao-called  "  basins"  selected 
being  the  following :— Pottsville,  Panther  Creek,  Shamokiu,  Slienandiiali  and  Mahanoy, 
Haileton,  Black  Creek,  Nanticocke,  Wjlke'a  Barre,  Lackaivaniia,  and  Cur1)atldall^. 

A  neB'  pstiinato  (and  the  moat  accurate  up  to  dale)  of  the  areas  of  the  coal-fltlib  in 
question  ia  given,  viz. : — 

Northern  Coal-field            198 

Eastern  Middle  Coal- Geld 37 

WesUrn      „            „        91 

Southern      „            „         (exclusive  of  Pnntlier  Creek)  130 

Ponther  Creek  Basin         


Total  nrcB 

il  prDducliiin  nt  coal  in  this  region  i 
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ALABAMA  COAL  AND  IRON. 

Coal  and  Iron  )'■    Alabama.       By    Db.    T.    Stbrky    llrHT.       Tramaetioiit  o/  Ihi 

Awurieait  Inililutt  of  Mining  Engiiierrt,   X'ol.  XI.,  1883,  pp.  236-218. 

The  rocks  of  the  state  are  grouped  in  four  divisions  as  FdIIowij:— 1.— The  old 
crystalline  rocks  of  the  Atlantic  belt,  along  the  south-east  side  of  the  Coosa  Vallej, 
oontuning  occasional  depunits  of  laagnetite.  2. — The  Ocuee  states  and  eonglom crates, 
the  Chilhowee  sandstones,  and  the  Knox  Qroap  rocks,  including  great  deposits  of 
linuinite  and  oxide  of  manganese,  all  in  the  Coosa  Valley.  3. — The  Falaioiaic  rocks, 
between  the  last  and  the  Upper  Carboniferous,  inclnding  Silunau  beds  belonging  tc 
the  Clinton  group,  and  containing  great  beda  of  red  hiematile.  4. — I'he  C'oal.MeBsurei. 
These  are  as  thick  here  as  in  Periusylvania,  and  contain  many  coal-scains  of  aufficicnt 
thickneiis  for  profitable  working  and  of  excellent  ijnality,  especially  in  the  Warrior 
and  Cahaba  flelds. 

The  proximity  of  the  iron  ore  to  the  coal  is  dwelt  upon  by  the  writer  us  being 
(with  the  exception  of  the  north-western  portions  of  the  great  Ohio  boaiii)  very 
unusual  In  the  United  States,  and  he  adds : — "  The  development  in  Central  AUbaioa, 
not  only  of  a  great  cual-tnwle.  but  of  a  t'ast  iron  industry,  is  certain  in  the  near  future, 
and  indeed  has  already  begun."    (p.  247.)  O.A.  L. 


HININO  IN  ABIZONA. 
Tie  Mining  Brgion  around  Tmeott.  Aritona.    By  Jons  F,  Bukdt.    Trantaelioitt 
Oflht  American  Intlitate  of  Mining  Bnginter;  Vol.  XL.  1883,  pp.  286-391, 

Kilh  folding  Map. 

The  nrritcT  doploros  tbc  absence  of  mapa  of  Ariionn,  *nd  give*  tlie  one  actu})!]- 
paii,vii)g  his  pa|)er  as  a  rough  oontributiuii  to  the  topograpb;  of  part  of  the  ngioti. 
The  PrcBCott  diatrict  conipri«ci  the  verj  bigli  grouiid  about  the  head  nater*  of  tlie 
Homjampa,  Aqua  Frio,  aud  Granite  CreeliB,  aud  their  upper  tributaries.  The  n>clu 
of  the  country  bctfTMin  tlie  Pec1c  Mine  and  Prescott  are  described.  They  cmisiit  of 
granite,  syonitic  gneiss,  and  hornblende  slates  and  schists,  with  trap  dykes  and  sheets 
of  basa]t.  Most  of  the  veins  in  the  granite  and  schisti  liave  directions  varying  from 
N.  20°  E.  and  8.  20"  W.  to  N.  20°  W.  and  S.  30°  E.  Some  veins,  caUcd  '■  Ujor"  veins, 
appear  to  bo  contact  deposits  of  limited  extvnt,  coinciding  H-ith  the  bedding  pisnea  of 
the  rocks.  The  veins  are  gold  and  silver  bcariug,  often  very  rich,  and  are  remarkable 
for  the  large  aiuount  of  horn-silver  (silver  chloride)  which  some  of  them  contain. 
A  great  variety  of  sulphides  and  other  ores  accompany  the  precious  metals,  and  there 
•ro  rich  placer  workings  due  to  the  decomposition  and  disintt^rstioa  nf  the  lodet  by 
weathering  and  dcnudntiou. 

This  short  [laper  gives  almost  the  first  piihlii^hed  aeeoniit  of  uhikl  ih  practically  u  new 
mining  region.  G.  A.  L. 


THE  SEMET  COKE  OVKN. 

i'ourt  a   coie  dm  t^tiime   Simet  pour  la  rtcMplraUon   del 

Cn.  DeUAKet       AHnuaire  de  rAtiodalion  da  Ingemeur 

Zifge,  Tome  11.,  WiS.pp,  105-1 U.     One  folding  Plate. 

The  author  describes  the  construction  and  action  of  the  ove 

he  results  of  ciperimouts  made  at  the  Ilellucue  Colliery,  Door,  i 

er,  1883,  and  some  later  eiperinicnts  mode  at  Crensot. 

The  trials  at  Creusot  were  made  npou  two  samptea  of  cool  cot 
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An  analysis  of  nhich  gave: — 

Ko.  1. 
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Water  (from  washers) 

...      9'G3 

9-75       ^^^^^ 

Volatile  substances     ... 

...     20-35 

2008 

Ashos 

...     Jl-00        ... 

1066 
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EXPERIMENTS  ON  A  NEW  VENTILATING  FAN. 


>i/teime  de  renlUaleur  d  forre  em 
par  M.  Tebscj.     Complet  Jlcidut 


Einltata  d'expfrleaeet  nr  n 
Mtmoira  de  M.   L.   Ses, 

XCVnL,pp.  78S-786. 
In  tS78  the  autlior  pnblialied  a  tlieory  of  certtrif ogal  fiuia,  in  wliiub  ho  dpdnced  cer- 
tain fonnuliH  which  nrc  quoted  in  this  paper,     Several  fans  h»vc  Iwon  constructed  in 
accordance  with  those,  and  oiperimeats  liavc  been   made   upon   two  of   them   bj 
M.  Tresca,  at  the  Conservatoire  dei  Arts  ct  M^ticra. 

A  table  is  given  fboning-  the  reiulta.  and  hia  couelusiona  are  qaoted  aa  follows : — 
1- — Tbere  is  a  complete  agracinent  between  tbo  tboorj  and  practice. 
2. — The  ratio  between  the  water  ^uge  observed  and  the  wat«r  ^ugo  due  to 

the  velocity  of  the  pcriplier;  varici  frum  1'855  to  S'3C8. 
3.— The  voiumc  of  air  discharged  i»  practically  the  aama  as  that  given  bj  the 
formitla,  and  is  equal  to  about  ten  tiiuea  the  vnlume  cngcndcnxl  by  the 
blades. 
4.— Tlia  oeeful  effect  varies  from  0'6W  to  0-82S.  J.  H.  M. 


RESUME  OF  FIltE-DAMP  ACCIDENTS  IN  FRANCE. 
Anali/u  Sytioptiqvf  den  Bapporli  OJpeieh  tur  let  Accidenli  de  Oriiou  en  France. 
Par- MM.  JuLBs  Pbtitbidibb  el  CnAEiga  LiLLgMiMD,  Ingiiiiriirt  au  Corpt 
da  Miaet.  Anxat-e  del  Mine;  Sfr.  8,  Tome  IV.,  18S3,  pp.  67-127. 
The  present  g^np  of  accidents  cumprises  those  of  the  Loire  diatrict — St  Etienne 
coal-basin— wbit:h  are  officially  numbered  from  No.  1(19  to  No.  251,  a  total  of  S2 
accidents.  The  first  is  registered  on  May  25tli,  1840,  and  the  last  on  the  Uth  Jauuary, 
1877.  The  inoKt  serious  appears  to  have  been  No.  250,  on  the  4th  February,  1876.  at 
the  Jabin  pit,  when  186  perished  nod  12  were  injured.  This  explosion  appears  to 
have  been  very  disastrans.  extending  througb  every  part  of  tbc  mine.  Out  of  211 
men  at  work  in  the  day  shift  only  28  were  rescned  alive,  and  of  theao  three  subse- 
quently succumbed.  The  eausc  of  explosion  is  offioiallj  notified  as  "  locif cr  matches  or 
spoutaiieona  fire"  (ratlicr  a  wide  divergence  apparently) ;  bnt  tbo  authors,  in  their 
Temarka,  stale  tbe  following  aa  their  views : — "  Coal-dust  appears  to  have  played  a 
cortajn  part  in  the  accident,  the  direction  in  which  tbe  crusts  of  coke  were  dopositod 
on  the  timber  appearing  to  indicate  that  tbo  flainc  caine  from  tlio  Treuil  diatrict  to 
the  Jabin  pit,  from  the  central  district  to  the  double  sbaf t,  and  from  tlio  Ricbcliindi^ 
workings  to  tbe  Jabin  pit.  The  scat  of  the  explosion  must  have  been  in  the  Treuil 
district,  the  only  part  of  the  mine  whence  the  flame  appears  to  liavo  issued  in  two 
opposite  directioUR.  As  for  the  cause  of  the  accident,  it  has  remained  unknown. 
....  The  Mucselcr  lamps  could  only  be  opened  by  an  electro-magnet,  and  were 
subjouled  to  rigorous  icrutiny,  and  nothing  indicates  that  they  hod  been  tampered  with 

previona  to  tbe  accident Shooting  was  only  permitted  in  stone  drifts,  and 

shots  tired  by  the  under-viewer  only.  This  last  n^ulation  was  not  always  ohserved, 
but  no  atone  work  viU  in  progress  in  tbe  Trouil  district  at  the  time  of  the  eiploaian. 
Tbe  least  improbable  theory  is  that  loine  workman  had  obtained  a  light  for  ainoking. 
....  It  is  also  passible  that  the  sodden  fali  in  the  InnHneter  noted  on  the  day  of 
the  accideat  may  bavc  liberated  a  quantity  of  tiro-dainp  from  the  old  workiiiga." 

Tbe  seriea  has  to  be  completed  in  a  Inter  contribution  to  the  Aitnalet  det  Minei, 
when  au  abstrncl  will  probably  unable  a  euinmaiy  to  be  given  of  the  number  of  lives 
lost,  and  a  classitication  of  the  different  heads  of  causes  uf  eiphisinn,  etc. 

P  P.M. 
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ANALYSIS  OP  THE  OFFICIAL  REPORTS  ON  THE  COAL  GAS 

EXPLOSIONS  IN  FRANCE. 

Analyse  des  Rapports  OfficieU  sur  les  Accidents  de  Orisau,  survenus  en  Franc 
pendant  VannS  1881.  DressSe  par  M.  CHBsyEATT,  Ingenieur  au  Corps  de. 
Mines.     Annates  des  Mines,  Sir.  8,  Tome  IV.,  1883,  pp.  215-237. 

This  paper  is  a  continnation  of  the  report  by  MM.  Petitdidier  and  LaUemand,  \m 
confines  its  notices  to  the  year  1881.  Sixteen  explosions  occarred  during  the  abov< 
year  in  France,  the  casualties  being  23  deaths  and  3d  injured.  One  was  peculiarb 
painful,  resulting  in  the  death  of  one  of  the  Government  inspectors,  the  viewer,  am 
two  others  (one  a  foreign  mining  engineer),  who  were  inspecting  the  scene  of  t 
previous  disaster. 

Abstract  of  Accidents  in  1881. 
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Suppoied  Cftoae  of  Accident. 


Outburst  conseqnent  on  a  shot 

being  fired. 
Gas  lighted  by  blown  out  shot. 
Suppovsed  defective  lamp;   loose 

cartridges  ignited  near. 
Naked  lights;   gas  issued  from 

borehole  in  exploring  drift  over 

old  workings  in  lower  seam. 
Gas  fired  by  shot. 
Naked  lights  in  winning  drift. 
Gas  fired  by  shot. 
Gas  fired  while  lighting  shot. 
Gas  fired  by  shot. 

Gas  fired  while  lighting  shot. 

Naked  light. 

Gas  fired  while  lighting  shot. 

Gas  fired  by  shot. 

Naked  lights ;  outburst  of  gas  in 

proximity  to  standing  fire. 
Slackening  or    stoppage  of  air 

current ;  naked  light. 
Same  cause,  but  Mueseler  lamps 

used;    exploring    locality    of 

previous  accident. 


The  above  are  grouped  as  follows : — 

Defect  in        i  Naked  lights 
local  ventilation  (  Safety  lamps 

Total 


No.  of  Acddente.  Killed.  Injured. 
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16  23  33 


Shot  firing  thus  appears  to  have  been  the  chief  ingredient  in  fatal  results,  only  twc 
accidents  being  traced  to  carelessness,  and  those  in  the  second  category.      D.  P.  M. 


EXPERIMENTAL   AND   THEORETICAL   ESSAYS   ON   THE   COMBUSTION 
OF  EXPLOSIVE  MIXTURES  OP  GASES. 

Seeherchet  explrimeainUt  H  tMofiqua  lur  la  dWiiwrd'oit  df»  nllangei  gamut 
explotiff.  Far  MM.  Maixjuiii  et  Lb  Chatelieu,  Ixgrnieura  a*  Corpt  ia 
Mine:     Annaltt  da  Minti,  Sdr.  8.  Tomi  IT.,  1883,  pp.  a7i-378. 

The  Pire-dam^  Cnminifsion.  of  which  the  autbars  were  niemberB,  cnlTasted  tbom 
witli  the  duty  nt  dUoovcring,  hj  unitable  eiperlroents,  tho  conditioiiB  under  n-liich  firo- 
ditiDp  eiploaicms  nccnrrMl.  iind  thnr  iccompaDjinff  phennmeiis.  Thef  Bccurdingljr 
investipited  the  following  qmntiaua,  of  nliicU  tlie  two  flrst  arc  treiited  iu  thii  part: — 

1. — The  conditiona  ncceas&ry  to  pmdacc  nctivo  cnmbmtinR,  >.<.,  the  ttnperalim  of 

2. — The  rapidiig  with  which  ignition  at  one  pnint  is  propngatod  thronghout  the 

inflnmnmble  miiturc.  and  tin?  Bcoompanying  circumstnncis. 
8.— Tlie  pramre  prodnctd  in  a  cliwed  vesBcl  after  eouibtirtum  of  the  gnaeona  m'n- 
tnre  contuined  in  it,  cninpnting  tlie  lam  of  coolinif,   the  tcmpemtnre  of 
ocnnbaat  ion,  and  the  (dfenilion  pntlnCed  bj  liigli  temperatures  on  ttmipeeifta 
gravit;  of  goio. 
Only  a  few  observntiong  wero  made  on  oocli  of  tbcso  aubjccta  owing  to  the  uiBnj 
diEcultiea  to  he  overcome. 

Queilioii  1  is  mb-dividcd  into  the  folloning  Ikeada : — 
1,— Historj. 

3. — Modes  and  nppamtns. 

S.^Keaults  of  eipOTiuiciiti. 

4.-— CoDclutions  from  ditto. 

5. — Summar}'. 

The  whole  of  these  five  branches  are  moat  cibaiutivelj  trettted  from  the  time  of 

Davy  nntil  the  preaont,  and  man;  interesting  points  are  elucidated,  amongit  which  tnaj 

be  noted  the  opinion  of  the  anthora  that  red  hot  lubatiinccs,  sach  us  lamp  gauzes, 

tobacco,  &c.,  may  become  causes  of  ignition  nndcr  certain  conditions  bv  no  means 

QDUsuaL     The  inflammation  of  explosive  niiiture  thus  dvpeods  oo  two  factors — the 

temperature  and  the  duration  of  routuct. 

In  the  Bucnmary  tbo  temperatures  arc  given  aa 

G6S°  (-  826°  F.)  Giplosivo  miitorc  of  hydrogen  and  oxygen. 
635°  (  =  96S°  F.)  „  carbonic  oiide  and  oxygon. 

660°  (-960°  P.)  „  form&De  and  oiygcn. 

The  form^ne  is  almost  identical  with  the  light  carhnrettcd  hydregcn  or  fire-damp 
of  mines. 

QueslioH  2  includes  the  folluwiug  divisions: — 
1.— History. 

2. — Modes  of  eiperinicnting. 
3,— Reanlts, 

4. — Tli(«rctjcal  considerations. 
6. — Practical  applications, 
6. — Summary. 
The  igaitioD  of  a  body  of  explosive  mixture  is  traced  to  two  causes,  one  b 
t«rinod  eondutlinUg  or  normal  propagatiou,  and  tbe  other  ware  of  expiation,  tliKOTered 
by  MM.  Berthulot  and  ViciUe.     Each  of  tiieiie  modes  is  charactenied  by  a  constant 
and  BpcciHc  velocity  of  propi^pition  under  the  aiLmc  eunditioua  of  mliture  and  tem- 
perature.   Tlie  former  never  exceeds,  if  it  ever  reaches,  66  feet  (20  metres)  per  second. 
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The  usual  velocity  in  a  mixture  of  fire-damp  and  air  is  only  2  feet  per  seoond  wlu 
the  fire-damp  is  from  9  to  12  per  cent. ;  that  in  hydrogen  and  oxygen  (40  per  cent.  < 
hydrogen)  heing'14  feet  (4*30  metres);  ordinary  lighting  gas,  4  feet  2  inches  (1*1 
metres),  with  15  per  cent,  of  gas;  and  carbonic  oxide  and  oxygen  6  feet  6  inch 
(2  metres)  per  second.  Any  disturbance  in  the  gaseous  mixture  increases  the  rapidii 
of  propagation.  The  initial  velocity  gradually  increases  on  account  of  vibratioDs  < 
oscillations  which  increase  the  intensity  as  well  as  the  rapidity  of  propagation,  ai 
when  this  occurs  a  continuous  pressure  is  transmitted  from  layer  to  layer  and  tl 
explosive  wave  is  formed. 

Some  very  interesting  experiments  were  also  made  by  the  authors  on  safety  lamp 
and  on  the  means  of  detecting  minute  percentages  of  fire-damp.  D.  P.  M 


NOTES  ON  THE  DUFOUR  CONPENSATING  LEVER  FOR  RAILWAY 

SIGNALS. 

Note  8ur  le  Compensateur  Systhme  Dvjour,  Par  M.  Schlbhkeb,  Inspeeteu 
OinSral  det  Fonts  et  ChaussSes.  Annates  des  Mines,  Sir.  8,  Tome  IV.,  188 
pp.  128-132. 

This  paper,  although  short,  contains  a  good  description  of  an  apparatus  designed 
obviate  the  torsion  between  lever  handles  and  signal  posts  on  i*ailways.  The  figor 
illustrating  it  are  on  Plate  V.  (figs.  13, 14, 15,  and  16).  The  Lyons  Riulway  Compai 
have  adopted  this  system  with  great  success.  The  idea  appears  to  be  the  replacement 
the  usual  round  arms  or  connections  by  one  of  an  elliptical  form,  which  only  comes  in 
play  when  the  line  is  entirely  clear  or  free,  the  signal  remaining  at  "  stop"  or  '*  dangei 
even  when  obstruction  in  the  levers  might  in  usual  cases  prevent  proper  working. 

D.  P.  M. 


NOTE  ON  THE  EXPLOSION  OP  A  SAW-MILL  BOILER. 

(EXTBAOT  FROM  THB  RBFOBT  OF  THB  IlTSFBCTOB  OF  MllTBS,  M.  DB  GB0880T7TBX.) 

Note  sur  VExplosion  d'un  Bouilleur  dans  une  scierie  d  bois,  d  Viergon  (Cket 
Annates  des  Mines,  Sir,  8,  Tome  IV.,  1883,  pp,  238-248. 

This  boiler  was  horizontal,  14  feet  6  inches  by  3  feet  diameter,  and  connected  wii 
two  lateral  heaters,  each  14  feet  6  inches  by  2  feet,  the  pressure  being  6  kilog., 
about  15  lbs.    The  cause  of  explosion  is  stated  to  be  inferior  or  brittle  plates,  and  tl 
Central  Commission  has  issued  the  following  notice : — 

**  The  boiler  explosion  of  29th  December,  1882,  at  Vierzon,  is  attributable  in  a  gre 
measure  to  the  inferior  quality  of  the  plates — very  brittle  and  short  in  nature.  Tl 
Government  Inspector  having  only  been  informed  of  the  accident  some  months  aft 
its  occurrence,  cannot  produce  the  accessory  causes. 

*'A  notice  should  be  inserted  in  the  Annates  des  Mines j  as  an  extract  from  1 
Grossouvre's  report,  with  special  retbrence  to  tests  on  iron  boiler  plates  to  be  made 
the  makers'  works." 

As  no  loss  of  life  occurred  many  details  are  omitted  in  the  report,  but  a  very  cox 
plete  table  of  the  comparative  tenacity  and  elasticity  is  incorporated,  from  wluch  it 
concluded  that  the  quality  of  the  iron  had  sensibly  deteriorated  owing  to  nndue  stra 
on  the  elasticity  of  the  plates.  D.  P.  M, 


NOTE  ON  THE  EXPLOSION  OF  A  VERTICAL  BOILER  AT  MARNAVAL 
IRON  WORKS. 

(EXTBAOT   FBOM    TUB    REPOBT    OF    M.    TakTlTUiSS,    CHIEF    BnDINEEB.) 


This  eiploeion  (Slst  Mncchi  ItiSS)  was  verj  disutronB,  orcurriug  at  tho  time 
(8  a.111.)  whon  fally  oue  hundred  men  were  waiting  tar  their  daily  itart  ot  work.  Of 
thean  28  nero  killed  and  65  iujared.  mtuy  leverely.  The  position  of  the  boilera,  of 
whicli  there  were  aevciiteen,  and  of  the  rolling  mills  and  other  pUtit,  ia  described,  and 
the  details  of  constraclion  given  (»ee  Plate  VII.) 

Tlie  ciplusion  ujipeorB  to  liaro  resulted  from  inherent  defeats  in  the  boiler  itself, 
which,  when  eceotml,  was  purchased  seeond-haud,  and  snbaequentlj  heightened.  There 
were  no  indications  of  shortness  of  water,  and  no  abnomml  pressure  conld  have  taken 
place,  us  all  the  boilers  were  directly  connected. 

The  Central  Comiuission  recommend  the  report  of  M.  Tmutmiuiu  to  be  pnblisbed 
and  circulated  in  works  and  manufacturies,  so  ai  to  direct  geneml  attention  to  the 
points  he  so  carefuUj  imestlgates.  D.  P.  M. 


ELECTRIC  MACHINERY  IN  MINES. 

Dia  EleUriiahe  KraJJittHraguns  ail  ieionilere  SSrIrricM  atif  BergaerJcttmcki. 
F.  Porch.  OeiUrreichiiche  Zeilichrift  /ur  Ba-g-  und  Hattenaem,  1B83, 
pp.  ITi-lTS  {conclviioH  from  p.  163). 

In  the  Tliihant  shaft  of  the  Socifte  Anonymedc  Saint-t^ticnno  an  electric  winding 
engine  is  at  work,  drawing-  from  SSi  to  2h  tons  in  ten  minutes  np  a  13  fathom  shaft. 
A  gramme  generator  at  bank  is  driven,  at  20  to  1,  by  a  small  horizontal  engine  of 
5  I.H.P..  the  power  being  transmitted  by  belting. 

From  the  generator  two  wires  are  led  to  D  gramme  receiver,  which  is  fixed  at  the 
bottom  nf  the  shaft  and  geared  to  the  winding  drum  at  250  to  1. 

Ot  the  power  indicated  by  tile  steam  engine,  15  per  cent,  is  abs'jrbed  by  its  owu 
friction,  and  50  per  cent,  by  the  electric  machinery,  the  useful  effect  of  the  whole 
instaUation  being  26  per  cent. 

The  cost  is  as  follows: — 


Steam  engine    ... 
Rpes,  straps,  etc. 

Seatings  and  mountings  

Two  Oramme  machines,  A  type 
Winding  machinery  in  the  [ut 

Foundations       

Conducting  wires  (l,(i40  feet) 

Total  

At  the  Jabin  shaft  at  St,  Etieune  puwurfol  electro -niagnots  are  in  use  for  opening 
the  safety  lamps.  The  oil  can  is  screwed  on  to  (he  protecting  cylinder  and  filed  by  two 
steel  pins,  which  con  only  be  drawn  out  by  the  magnets.  The  polarization  of  the 
magnets  is  affected  by  meuns  of  a  Gramme  machiuo  worked  with  a  treadle. 

A.B.  L. 
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TWO  NEW  IROSSMELTINO  PROCESSES. 
Zmi    tttaere    ProctJiie    Her    Eiiet-Erteuguns.       Pbof.    Josef    v.     gHRENWSRTB. 
Oe>lfrrnclHteht    ZriUchrift  fSr   Berff-    mnd    Hiillesa-etea,  1683,  pp,  190-193 
anif  209-210:  One  Plate. 

I.— Ma.  H.  C.  Beit's  PnotTtss. 

Mr,  linll'B  prncww  of  iron -imcl ting  dilTiira  from  the  usnal  nietliod*  iu  the  employment 
of  gaHHi  *t  yevy  high  triD1>criit tiros  to  nipcrscde  tile  use  of  fiiaI  in  the  liliut  fiinmce, 
except  in  H)  for  &a  it  iiuii  be  introduced  aa  a  carlnniling  agent.  Tlic  jiUnt  couiiati  nf 
ui  ordinary  bUut  fnniKce  with  a  chomher  on  the  top  for  warming  the  oharje,  [our 
large  regmcmtire  farnnces  for  hestiitg  tlic  blast  air.  and  two  aeU  of  i^tgnratas  for 
obtaining' hjdrogeii  gaa  from  steam  and  rairiiig  it  to  the  1,113'  Fahreiiheit,  at  which  it 
enters  the  blast  farnace. 

Till'  four  rtgoncrativo  furnace*  each  consint  of  a  vortical  cjlinder  containing  tnc^jra- 
MTO  tiors  of  fire-brick  gratings,  from  the  bottom  to  near  the  tup,  where  the  eoinhuition 
chamber  ia  iritnaled.  The  hot  ga«i  iHuiiig  from  the  lop  of  the  blast  riimaco  are 
ooUected  and  led  into  tlie  eombnition  chambers  before  mentioned,  and,  ti^gellier  with  a 
certain  qnantitj  of  cold  air  let  in  from  Iho  top,  are  bnnied  and  stream  down  to  the 
bottom,  where  an  outlet  leads  to  tlie  chimney.  The  fnmaccs  being  sufficiently  heated, 
the  gas  inlet*  and  outlet  are  c!o«d,  and  cold  ur  is  introduced  at  the  bottom  and  riK« 
to  an  nutlet  ralvc  at  the  top,  whence  it  ia  led  through  pipes  to  the  lower  part  of  the 
blast  furnace. 

The  hydrogen  geiieratori),  of  which  there  art'  Iwo  sets,  each  consist  of  icvyral  \mln, 
there  being  in  this  cose  four.  Each  pair  eoniiats  of  two  small  cylindrical  fumaeei 
with  connection  at  the  top,  the  one,  wbioh  i*  the  generator  proper,  shaped  liko  a  blast 
furnace,  for  burning  coal  i>r  colcc,  and  the  other  like  a  tcgcneralive  furnace,  with 
■uacosaire  tiers  of  fire-brick  grating  for  superheating  the  iteain. 

The  gcncraMr  is  charged  froiu  the  top  and  fed  through  an  ojiciiing  in  the  bottom 
with  hot  air  from  the  larg^  regenerative  fumaces. 

The  eupurhi^ater  is  first  heated  with  the  gasea  from  the  generator,  and,  the  oatlet 
being  theo  cloned,  steam  is  let  iu  at  the  bottom  and  streams  up  to  the  top,  whence  it 
puses  through  the  burning  coals  in  the  gencralor,  and  tlie  rcimlting  hydrogen  passes 
throngh  an  ontlct  at  the  bottom  and  ia  led  to  the  bottom  of  the  bkst  faniace. 

The  advantages  of  this  process  are.  that  the  heat  in  the  furnace  is  not  lowered  by 
the  admission  of  cold  fnel ;  that  the  pmportion  of  carbon  in  the  iron  admits  of  very  easy 
regulation ;  and  that  the  best  qualities  of  iron  or  steel  ean  be  produced  from  veiy  inferior 
ore  at  a  minimum  of  cost,  which  is  reckoned  at  about  30s.  per  ton.  Tables  are  given 
of  results  obtained  by  the  John  Cockerill  Company. 

II.— M.  LiusBHi  Cbly's  PaocBss. 

This  procesi  ia  baaed  on  the  rcaulta  of  ■  aeries  of  eiiperimeiils  in  the  laboratory  on 
impure  iron  under  the  influence  of  hydrogen  gas.  ^Vhen  the  iron  was  raised  to  a  high 
temperntare  and  then  aubjecled  to  the  action  of  wet  hydrogen,  it  was  found  timt  the 
metalloids  which  it  contained,  lii.,  sulphur,  phosphoma,  ailicon,  anenio,  carbon, 
nitrogen,  etc..  were  released  and  pnased  off  in  the  form  of  gas,  leaving  the  iron  as  pore 
and  homogeneous  as  that  made  from  the  beat  oria.  When  dry  hydrogen  was  used,  only 
the  carbon  waa  released. 

The  action  on  the  carbon  was  nonicwhat  different  frinn  that  on  the  other  metaUcnds, 
a  part  of  it  being  carried  off  in  the  form  of  cnrburettcd  hydro^n,  und  Iho  rest  being 
left  behind,  but  so  diatributed  through  the  mus  of  metal  as  to  give  it  n  high  degree  of 
homogeneity. 
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To  prove  the  feasibilitj  of  the  process,  four  experimental  furnaces  have  been  erected 
in  the  neighbourhood  of  Paris,  capable  of  dealing  with  about  a  ton  of  pig  iron  at  a  time. 

The  furnaces  being  charged  and  heated  to  a  dull  red  heat,  the  air  is  expelled  bj 
means  of  a  stream  of  carbonic  acid,  in  order  to  prevent  explosion,  and  the  liquid  re-agent, 
into  which  the  exhaust  pipe  discharges,  even  at  this  stage  shows  signs  of  released 
impurities.  When  every  particle  of  air  has  been  expelled,  the  same  small  pipe  admits 
a  stream  of  hydrogen,  a  comparatively  small  quantity  being  found  sufficient.  As  soon 
as  the  effect  on  the  liquid  re-ogcnt  is  reduced  to  the  formation  of  a  slight  sediment,  the 
operation  may  be  considered  finished;  the  hydrogen  is  then  expelled  from  the  furnace 
by  a  stream  of  carbonic  acid,  as  in  the  case  of  the  air,  and  the  furnace  may  be  opened 
without  danger.  The  hydrogen  is  obtained  in  a  special  apparatus  of  small  size  by  the 
decomposition  of  zinc  by  means  of  diluted  sulphuric  acid,  and  passes  through  several 
purifiers  before  reaching  the  furnaces.  Experiments  with  malleable  cast  iron,  steel  of 
inferior  quality,  and  soft  iron,  resulted  in  the  production  of  very  good  steel.  The  cost 
of  the  process,  as  applied  to  metals  containing  considerable  impurities,  proves  to  be,  at 
the  very  outside,  about  9^d.  per  ton.  A.  R.  L. 


AUSTRIAN  MINING  INDUSTRY  IN  THE  YEAR  1881. 

Der  BergwerJcibetrieb  in  Oesterreich  im  Jahre^  1881  (tchluss).     Z.    OesterreichUche 
ZeitschHftfur  Berg-  vnd  Huttenwesen,  1883,  i>p.  180-182. 

In  the  year  1881  there  were  791  mines,  employing  85,492  persons,  and  119  founding 
and  smelting  works,  employing  10,170  persons,  at  work  in  Austria.     Of  the  total 
95,662  thus  employed,  87,002  were  men,  6,006  were  women,  and  2,654  were  children, 
this  being  an  increase  of  1*05  per  cent,  on  the  previous  year. 
These  were  distributed  as  follows : — 

In  coal  mines     37,113 

„  brown  coal  mines     29,083 

„  silver  mines 6.623 

ironstone  mines         4,510 

lead  mines     3,325 

„  zinc  mines     1,682 

„  g^phite  mines         991 

„  copper  mines 708 

„  sulphur  and  alum  slate  mines        627 

„  quicksilver  mines     586 

other  mines 1,245 

ironworks       8,105 

„  other  works  of  various  kinds  2,065 


»» 
»» 


n 


Total       95,662 


In  smelting  works,  etc.,  there  were  6  deaths  and  11  other  accidents.  As  regards  the 
mines,  an  average  of  53,650  tons  per  death,  and  21.950  tons  per  accident,  was  produced 
in  1880,  and  of  48,510  tons  per  death,  and  21,840  tons  per  accident,  in  1881.  167  deaths 
occurred  and  204  serious  accidents,  representing  2*1  and  2*6  per  thousand  respectively. 

A.  R.  L. 


EXPERIMENTS  WITH  THE  JAROLIMEK  HAND  BOTIINO  MACHINE. 

Ueber  den  KraflbeiJarf  drr  nand-DrthlmhrmateMHt  van  £,  Jarotimtk.  BrflO 
Pnnrss.  Ottternickliche  Zrilickrifl  fir  Berg-  u»d  IlaUmmatH.  1883,  FP- 
187-190,  203-206.  and  21»-SaOj  one  Plate. 

The  Imud  in»cliiue«  Miierimeoted  npon  worked  at  a  leverage  of  9  to  I,  the  boren 
bciing'  from  1 A  i"*^''  to  It  ""'^  diameter.  Iii  addition  to  tliesci  eiperimeDU  were  made 
with  timiUr  mschiiio  worked  by  hjdraulio  power  with  iliainct«t»  of  borer  of  Irvm 
2  inches  to  &|  iiichea,  and  with  a  special  eiperimcntJU  bnrcr  of  41  inches. 

Tlie  eiperimciits  were  coodncted  nenr  the  Layer  slutft,  at  Itaibl.  in  dose-grvned 
wbite-voiocd  dolomite.  The  power  w&a  measured  bj  meaiia  of  a  cnuik-dniamoiaetcr, 
the  crank,  when  turned,  acting  upon  »  spriug  t«  which  a  pencil  was  attached,  and  lo 
■nwiged  that  the  work  done  wai  graphically  rcpTowQtcd  b;  diagrams- 
It  ii  conuilercd  that  n  man  can  eiert  a  jxiivcr  ou  the  maohino  of  about  120  foot 
ponndi  per  second,  and  the  bnrers  are  adjusted  to  suit  this  motive  power. 

According  to  a  Ubls  of  riwuUs  obtained  with  borera  of  diltcreat  siiea,  a  1|  inch 
borer  gave  a  44  per  cent,  belter  reinll.  and  a  1  i  ineli  borer  a  70  per  cent,  better  raanlt 
than  one  of  1 A  inch,  while  a  still  lai^er  borer  of  2-^  inches  diameter  showed  a  recall 
odIj  30  per  cent,  better  than  the  one  of  Ift  >"cb,  the  same  motive  power  bdug 
smplayoil  throngbont. 

As  a  tent  nndor  the  conditions  of  actual  work,  a  passage  was  driven  6  feet  6)  iochec 
high  bj  4  feet  11  inches  broad  and  51  feet  6  inches  long,  with  a  hand  borinft  machine 
worked  by  two  good  hewers,  the  whole  being  accomplisluil  in  20  shift<  of  12  hour*  each. 
&4  boles  were  bored,  of  a  totallength  of  162  feet,  in  S2  lioun,afDrthertimeof  B8boun 
being  apcnt  in  fixing  the  machine  and  firing  sboti.  The  paiaage  was  driven  in  14 
lengths,  which  were  flnisbed  by  band  work  as  saeeesiuve  groups  of  shots  were  fired. 

The  coat  was  14s.  per  yard,  and  out  of  thii  the  bowers  received  3s.  lOld.  per  shift. 
The  best  result  of  hand  hewing,  which  had  previously  been  accoioplislied  iu  the  mine, 
was  the  driving  of  a  52  feet  f<  inchef  passage  in  05*3  shifts  of  12  lionrs  each,  at  a  mat 
of  16s.  6d.  per  ;rard.  the  hewers  receiving  2s.  lOd.  per  shift.  A  eompaiison  betne<in 
these  result*  shows  an  advantage  in  favour  of  the  machine  of  GO  per  cent,  in  the  atoonnt 
of  work  done  in  s  given  time,  and  of  16  per  cent,  iu  the  cost  of  the  work,  notwilh- 
slanding  the  fact  that  the  workmen  received  36  per  cent,  more  wages  [ler  shift. 

Boring  ciperlniBUts  were  also  made  witli  miitores  of  Roman  cement,  Portland 
cement,  sandstone,  etc.,  and  tables  are  given  of  results  obtained  vith  dolMnitc  knd  Willi 
Roman  cement.  A.  R.  I., 


KXPhOSlONS  IN  PRUSSIAN  MINES. 
Ueber  die  biiherige  ThHlxgkril  der  prttasiichea  Sehlaywelltr-Comnt'ii'cii,    BeBqsatB 
HiHStACHEB.     Vei-r-Ki-MUlkmlimgnt,  Bdlage  tur  OetterreicHteieit  ZvitacAryft 
far  Btfs-  und  Uilltmceitn,  1383,  p.  96. 
Between  the  years  1861  and  1861  there  were  1,360  explosions  in  Prussian  minea, 
there  having  been  relatively  m»ny  fewer  than  in  England.    Two-thirds  of  these  wew 
traced  to  the  lights  used,  the  safety-lamp  failing  Iu  afford  protection  in  uboat  oue-GRb 
of  the  number  of  cases.    Otdy  one-eighth  resulted  from  Masting.     During  the  same 
period  there  were  also  49  deaths  by  suifocatiou. 

Two-thitdn  of  tlio  pits  contain  inflammable  gus.  from  9  to  10  per  cent,  having 
natural  vcntilatiou,  and  82  per  cent,  bdng  ventilated  by  furnaces,  fans,  etc- 

Onc  pet  cent,  nf  the  eoaU  reach  tlie  surface  by  day  dnfts.  and  the  rest  are  dnwii 
by  shafts.  A.  K.  L. 
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HAULAGE  AT  THE  ROTHSCHILD  COLLIERY  IN  HRUSCHAU. 

Seilfordervng  am  Idaschachte  der  Freiherr  von  Rothschild* schen  SteinJcohlengruhe  in 
Hruschau.  Josef  Bohm.  Vereint-Mittheilungen,  Beilage  zur  Oesterreichischen 
Zeitschrift  fur  Berg-  vnd  Iluitenwesen,  1883,  pp.  61-62. 

The  hauling  distance  is  about  612  yards,  the  grradients  varying  from  0**  to  12®, 
and  the  work  is  done  by  a  double  air  engine,  two  hauling  ropes,  and  one  tail  rope. 
This  last,  drawing  a  weighted  tub,  is  rendered  necessary  by  a  bend  in  the  way  of  about 
360  yards,  in  wake  of  a  trouble.  A  set,  consisting  of  four  full  tubs,  is  coupled  and 
drawn  in  eight  minutes,  four  empty  tubs  going  in-bye  while  the  full  ones  are  coming 
out.  A  tub  holds  about  14|  cwts.  Tlie  air  engine,  which  is  fitted  with  link  reversing 
gear,  has  a  diameter  of  cylinder  of  8|  inches,  with  1I|  inches  stroke,  and  is  geared  to 
the  drum  at  2  to  5.  The  diameter  of  the  drum  is  3  feet  7^  inches,  the  rope  being 
wound  on  to  it  in  five  plies. 

V 

The  compressed  air  at  five  atmospheres  is  supplied  by  a  Stanek  wet  compressor, 
with  18f  inches  diameter  of  plunger  and  31  inches  stroke,  working  at  30  revolutions 
per  minute.  Tlie  air  is  stored  in  three  reservoirs  at  bank,  and  led  thence  a  distance  of 
100  fathoms,  through  4-inch  pipes,  to  a  small  reservoir  beside  the  engine  at  the  bottom 
of  the  shaft.  The  total  capacity  of  the  reservoirs  and  pipes  is  1,024  cubic  feet.  The 
efficiency  of  the  air  delivery  is  94  per  cent.,  and  of  the  compressing  machinery  72  per 
cent.  Owing  to  bends  and  differences  of  gradient  in  the  way,  the  efficiency  of  the 
hauling  machinery  is  low,  and  varies  from  36*6  to  42*9  per  cent.,  the  corresponding 
amount  of  air  used  being  from  2,457  cubic  feet  to  2,866  cubic  feet  of  atmospheric  air. 
The  men  required  are  one  brakesman  and  four  onsetters.  The  total  cost  of  working 
and  keeping  in  repair,  including  depreciation,  amounts  to  4^d.  per  ton  of  coal  drawn, 
and  of  this  amount  2|d.  is  due  to  the  machinery.  A.  R.  L. 


THE  ARLBERG  TUNNEL  BORED  THROUGH. 

Der    Stollendurchschlag   %m    Arlbergtunnel.       Vereins-MHtheilungen,   Beilage  zur 
Oesterreichischen  Zeitschrift  fUr  Berg-  und  Hiittenwesen,  1883,  pp.  105-106. 

On  December  13th,  1883,  a  shot  fired  by  one  of  the  boring  parties  in  this  tunnel 
unexpectedly  opened  communication  with  those  working  from  the  opposite  side,  bj 
blowing  out  a  hole  at  the  farther  end. 

The  thickness  of  the  dividing  mass  of  rock,  which  from  the  measurements  both 
parties  had  believed  to  be  from  9  to  10  yards,  proved  to  be  only  2  yards. 

In  direction,  the  boring^  were  extremely  correct,  the  difference  in  the  levels  being 
almost  nt7,  and  that  in  the  horizontal  direction  being  barely  8  inches. 

In  driving  the  Mont-Cenis  and  St.  Gothard  tunnels,  similar  discrepancies  occurred 
between  the  lengths  computed  by  triangulatiou  and  those  actually  measured,  the  errors 
being  on  the  same  side.  '  A.  R.  L. 
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MODIFICATIONS  OP  THE  BESSEMER  PROCESS. 

Lecture  hy  Hoffbath  y.  Tunkbr.    VereinM  Mittheilungen^  Beilage  xur  Oesterreich' 
ischen  ZeitgchHftfUr  Berg-  und  Huttenweten,  1883,  pp,  99-101. 

The  most  important  of  these  has  been  in  use  at  Avesta,  in  Sweden,  since  the  year 
1877.  There  are  two  single  charcx)al  furnaces,  each  possessing  its  own  movable 
converter,  but,  as  a  rule,  only  one  is  at  work.  A  spare  converter  is  kept  in  reserve. 
The  charges  are  from  10  to  16  cwts.,  and  an  average  of  30  charges  is  reckoned  per  day 
of  24  hours,  or  95  tons  per  week  of  5  days.  Prom  87  to  88  per  cent,  of  the  raw  iron  is 
reproduced  in  the  shape  of  ingots.  The  cost  of  Bessemer  plant  for  one  furnace, 
exclusive  of  the  blast,  is  from  £480  to  £570. 

The  second  method  is  one  patented  by  Vogel  and  Nuth.  The  converter  in  this  case 
is  fixed  and  so  arranged  as  not  to  require  a  separate  blast.  As  in  the  former  case,  the 
charges  are  small,  and  it  is  claimed  that  a  very  high  quality  of  steel  is  produced. 

The  third  method  touched  upon  is  "The  Chapin  Pneumatic  Process  of  Making 
Wrought  Iron.**  The  converter  in  this  case  is  movable,  but  delivers  the  metal  while 
still  in  a  fluid  state  into  a  rotary  puddling  furnace,  similar  to  that  of  Danks.  The  iron 
produced  is  of  excellent  quality,  and  the  cost  of  production  is  less  than  by  the  ordinary 
methods  of  puddling.  By  the  iron  being  first  put  through  the  converter  less  puddling 
is  required  in  the  rotary  furnace,  and  the  fettling  of  iron  ore  stands  considerably  better. 

A.  K.  L. 


THE  BLEIBERG  LEAD  MIKES. 

Orientirender  Vortrag  iiher  Bleiherg,    E.  Makxtc.     Vereins-MUtkeilungen,  Beilag€ 
xur  Oesterreichischen  Zeitschrijt f&r  Berg-  und  HUttenwesent  1883,  pp.  86-89. 

Bleiherg  lies  in  a  valley  of  volcanic  origin,  and  the  lead  ore  occurs  principally  in  the 
Hallstiidter  chalk  formation,  but  is  also  found  amongst  slate  and  bituminous  dolomite. 
The  beds,  which  are  very  irregular,  appear  to  have  been  formed  by  the  filling  up  of 
previously  existing  caverns,  which,  though  generally  within  the  limits  of  one  Btratum, 
sometimes  extend  into  others.  The  mass  of  deposit  contained  in  one  of  these  cavemi 
shows  a  concentric  texture,  different  mineral  layers  following  each  other  in  regular 
succession.  The  walls  have  first  a  coating  of  blende,  and  this  is  followed  by  sulphate 
of  baryta,  galena,  marcasite,  dolomite,  and  fiuor.  In  some  cases  the  mass  of  deposit  so 
formed  has  been  subsecjuently  broken,  and  the  resulting  fissures  have  in  their  torn  been 
filled,  and  can  be  traced  in  similar  formations  containing  white  and  yellow  lead  ore, 
ead  vitriol,  plumbocalcit,  flint  zinc  spar,  coal  zinc  spar,  zinc  bloom,  anhydrit,  gypeiun, 
brown  ironstone,  grcenockit,  loam  and  ochreous  clay. 

Some  particulars  are  given  of  the  smelting  process,  and  a  historical  sketch  of  tba 
district. 

About  1,100  men  are  employed  and  600  women,  and  the  ontpnt  of  lead  is  from 
4,000  to  5,000  tons  a  year.  A.  R.  L. 


EVAPORATIVE  PERFORMANCE  OF  STATIONARY  BOILERS. 


Verdamp/ungtvernieie  tniY  den  DampfkfSiel*  dtr  Sfitt  261 
rf/ItHdemiatckine  der  Kanrngarn  SpinKtrri  Aigibvrj/.  1*1 
Darmaludt.     Zeiltehrifl  det  rrminet  Dtutackn-  Ingenieun 


'leiprocheHrn   Zuei- 
OP.  K.  K.   WSBtlKS, 

1S83,  pp.  391-3fl3. 


A  series  of  GxperimontD.  Gitcnding  over  fire  dajrs,  wu  mad^  ul  Auf^burg.  in  Ajitil. 
1880,  on  two  l»ilen  of  a  spianitig  mann factory,  to  determine  their  efficicrej.  Koch 
iMilcr  hod  twii  dne  tube*,  in  wblcti  la;  tht  gi&I«i  having  21  sqaarc  feet  of  area,  Tlie 
beating  surface  at  each  boiler  vaa  GSAZt  sqimro  fvct,  and  tbat  of  tbe  feed  watw  beater 
812*16  squarofeet.  'i'hi<  builent  had  bveo  cleaned  aomo  weeks  bcfori?  tbe  trials,  A  table 
is  given  of  tbe  results  obtained  on  two  different  days,  vii.,  April  7th  and  April  8th,  with 
different  kinds  of  coal,  giving  tbe  fallowing  aiutljses^ — 


rUnh, 


April  etb. 
46-92 


Carbon 70-89 

Hj-dr<^en        B-06  ...  3-S3 

Oij^n  and  TOlpbar 1214  ...  1516 

Water *6  ...  12-46 

Ash       7-41  ...  Sl-93 

Theoreticall;,  the  flnt  of  thete  ilionld  contain  13,000  heat  nniti  and  the  second 
B,700  heat  unita  per  poand.    Of  the  t«tal  heating-  power  tbua  emploj«d  there  iraa 


In  evaporating  water         ...         ...  71-4  59*8 

U;  loss  Chronghgiute  and cbimao;  16-3  ...         32'0 

Throagb  imperfect  combustion    ...  6-7  3-0 

Through  radiation 6-6  6-a 

Table  of  porfonnanoo: — 

AtirilTUi.  ApnlWlL 

Nombor  of  bnilurs    ...          ...          , 1  ,,  2 

Quftlitjof  cubI          Good.  ...  Inferior. 

Coal  per  hour  ill  pomida       ...          ZM'6  ...  457-6S 

Gralfi  arcaiu  ujaure  feet 21      reduced  to      29 

Coal  pur  square  foot  of  grate  pCT  hour     ...          .,  11-18  lbs,  1574  Ib«. 

Qoatjng  surface  in  boiler  in  sqoarefcet   ...         ...  621-33  ...  l.a48-6 

Ditto  in  feed  water  beatar          ..              312-16  ,.,  624-3 

Cml  per  square  foot  of  besting  mrface  of  boiler  -3926  Iba.  ..  -372&  lbs. 

Water  evuiwrated  per  hour l,DH9-9  lbs.  ...  1,951-76  Iba. 

One  pound  of  coal  evaporatud        6-14  lbs.  ...  I'26  lbs.  water. 

Temperature  of  boUcr-honse            ...          75°  F.  ...  70°  P. 

Ditto  of  flue  gases  entering  tbe  cbimue^ 362°  ...  360° 

Ditto  of  flue  gases  above  grate,  as  calciiUted       ...  3,660'  1.210° 

Ditto  of  water  when  entering  the  boiler 200°  ...  273° 

Id  calculating  the  amount  of  beat  cominuiiicatcd  tii  tbe  n-atcr  by  one  square  foot 
of  boilur  besting  surface  per  1°  difference  of  temperatore,  it  was  found  that  this  iraa 
grestcr  when  nsing  the  inferior  coal,  which  wu  ascribed  to  tbe  presouoe  of  a  larger 


HYDRAULIC  MACHINES  IN  THE  SAXON  SILVER  MINE3. 

Jeber  die  Katirieteliiitff  der  Waitermvlen  Mairhintn  and  die  Anlaffm  tar  Vfrmeir- 
uip  der  WatntrkrUfft  >m  Freibergrr  Bergretiier.  GcBTiT  Haun.  ZeUiekrift 
d»  Vereinei  DeiilMcker  Ingenieure.  1S83,  pp.  3T8-3S3.     Otu  Flale. 

The  silver  producUoo  of  the  Freilierg  minea  has  been  much  fncUilatfd  by  theeitan- 
dve  emplnjment  of  cheap  hydraulic  inBchines  for  dravfiiig  and  puinjnng  purposea. 
The  feed  water  for  these  machines  is  partly  collected  iu  I'CseTvoirs  and  partly  token 
from  adjacent  rivers;  the  condatta,  which  ore  about  &i  milea  in  longtb,  being  partly 

d  for  carrying  off  the  water  raised  from  tbe  mines.  The  first  motors  in  use  were 
water-wheels,  which  have  been  replaced  since  1820  by  hydraolic  machines  placed  in  thg 
ihaf t.  The  feed  water  was  nt  first  regnlated  by  coclt«,  latterly  hy  pig(«ns.  The  proto- 
^{le  nf  these  machinca  may  be  considered  to  be  one  which  waa  conatmctcd  in  I8S3, 
Bud  which  gave  a  performance  "^  7.  It  worked  with  a  head  of  water  of  EO  fathoma 
and  bad  a  diameter  of  cylinder  of  1S|  inchea  and  a  stroke  cf  B  feet  41  inches,  the 
nnmber  of  lifts  per  minute  being  4.  It  had  one  feeding  cylinder  with  one  inlet,  one 
ontlet,  and  one  reversing  piston.  In  Plate  XX.  are  shown  three  of  the  present  pump- 
inff  engines.  Figs.  1-4  illnstrate  one  constnicted  by  the  lectarer,  Horr  O.  Hahn.  It 
ts  with  a  head  of  water  of  68  fathoma,  and  has  a  diameter  of  cylinder  of  19^  iiichea 
and  a  stroke  of  78]  inches,  tbe  nnmber  cf  lifts  |>cr  minute  being  4.  Tlie  greatest 
■peed  of  the  water  is  300  fe«t  per  minute,  the  pressure  per  square  inch  nf  plnnger 
being  240  lbs.,  and  the  volume  of  the  feed  water  per  second  is  6'36  cnhic  feet.  Tbe 
spear  works  two  plungers,  one  of  16)  incbes  diameter  at  a  depth  of  66  fathoms,  and 
one  of  G  inches  diameter  at  76  fathoms.  The  total  weight  of  the  gear  is  about  52  cwt. 
The  feed  is  effected  by  three  pistons  working  in  one  eyliuder.  The  flow  of  the  water  is 
regulated  bj  two  cocks,  one  in  the  inlet  and  the  other  in  tbe  outlet  pipe,  in  the  latter 
of  which  there  is  also  a  throttle  valve.  These  points  require  special  atleutiou  in  the 
design;  for  a  carefully  adjusted  feed,  combined  with  large  eiied  piping,  wilt  prevent 
shocks  and  ondue  wear.  The  second  machine  (see  Figs.  5-7)  has  one  piston  only  for 
both  inlet  and  outlet,  and  one  reversing  piston.  It  works  at  a  speed  of  water  of  830 
feet  per  minu(«  with  the  greatest  smoothness.  The  diameter  of  tbe  plunger  is  13} 
inches  and  its  stroke  94}  inchea,  tbe  number  of  lifts  per  minute  being  46.  The 
descending  pipe  gives  a  head  of  nnter  of  30'6  fdtboms.  Tlie  third  machine  (see  Fig. 8) 
has  a  leather-pocked  piston  in  lieu  of  the  plunger,  and  in  consequence  of  having  tji 
pomp  against  a  pressure,  it  is  fitted  with  a  hydraulic  balance- cylinder.  J.  N. 


THE  laOHSTONE  SERIES  OF  LORRAINE. 

Le  Mineral  de  Fer  de  Lorraine  ati  jminl  de  vue  ilratigrap\ique  el  pal4unlologig*e. 

By  —  BlkicHer.     Bulletin  Soeiill  O/ologique  de  France,  Sir.  3,  rol.  XII., 

pp.  46-107.  tinthfeur  Tahiti  and  one  Seclion  in  text. 

The  ironstones  of  Lorrune  occur  at  or  about  the  janctiou  nf  the  Upper  Liassic  and 

Lower  Oolitic  rocks,  and  really  form  part  of  both  divisions,  the  ironstone  beds  charao- 

teriied  by  Trigonia  naiiia  belonging  to  the  Lias,  and  those  with  Ammonitet  MurcMionm 

to  the  Inferior  Oolite.    Of  late  yean  they  have  been  lai^ly  worked  in  the  Meurthe-et- 

Hoselle  Department,  and  the  present  paper  is  chiefly  based  on  the  new  facts  hrnnght 

to  light  hy  these  workings.    At  Esch,  near  Villerapt.  the  ironstone  series  is  43  metroa 

tbick.      In  the  central   region   of   the  Nancy  ba«n  the  following  subdivisions  art 

reoogniiaWe  i — 
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b, — InTIBIOB  OoLITI   LnCMTOHXB. 

5. — Sandy,  gravelly,  and  marly  limestone  only  occasionally 

Bufficiently  femiginous  for  working      

4. — Sandy  calcareous  ironstone,  usually  red  or  yellow 

a. — Uppeb  Liassic  Isokbtofbs. 


0 10  to  0*85 
1-50 


3. — Earthy  and  marly  ironstone  1*50  to  8"00 

2. — Friable,  marly,  or  nodular  ironstone,  greyish  black  and 

much  worked        3-00  to  10*53 

1. — Sandy  ferruginous  marls      (?) 

In  the  nnrthcni  portion  of  the  Nancy  basin,  though  the  same  geological  horii 
are  present,  the  ferruginous  character  is  so  slight  as  to  render  the  beds  anworkable 
iron,  and  the  same  may  be  said  with  regard  to  its  southern  portion. 

In  the  Longwy  basin  the  same  series  is  again  found,  and  is  much  worked. 

After  giving  very  full  stratigraphical  and  palaoontological  descriptions  of  the  l 
as  they  are  exposed  along  an  outcrop  of  120  kilometres,  the  writer  condades  that 
actual  ironstone  affects  lenticular  forms  of  various  extent  and  thickness,  and  that  tl 
lenticular  masses  occur,  within  the  limits  above  given,  at  several  fossil  borisons. 

G.A.L. 


IRON  PRODUCTION  IN  RUSSIA. 

Exposition  JSationale  de  Moscou  en  1882.    V Industrie  du  Fer,    By  O.  J>B  CuTO 
Revue  Universelle  de*  Mines,  S^r.  2,  Vol  2rr,,pp,  56-79. 

An  account  of  the  fluctuations  in  the  production  of  iron  in  Russia  from  1718  to  i 
present  time.  The  following  table  is  given,  showing  (in  metric  tons)  the  podtion  hi 
in  this  re8i)ect  by  Russia  compared  with  other  countries  in  the  years  1870  and  1880 : 


1870. 

1S8Q. 

England 

•  •  • 

6,000,000 

7306,000 

United  States 

1,998,000 

3,886,000 

Germany 

1,376,000 

2,72^000 

France 

1,168,000 

1,696,000 

Belgium 

560.000 

592,000 

Austria 

400,000 

440,000 

Russia 

348,000 

486,000 

Sweden 

288,000 

400,000 

In  1880,  240,000  tons  were  imported  into  the  country.  The  discovery  of  ooai ; 
the  Urals,  where  vast  deposits  of  iron  ore  are  lying  unworked,  does  not  promise  to  ac 
much  to  Russian  total  iron  production,  owing  to  the  quantity  of  ash  and  sulphur  whi< 
it  contains.  It  is  otherwise  with  the  Donetz  district,  where  coal  of  good  qoalitr  az 
easily-obtained  ironstone  occur  together  in  large  quantities. 

A  very  brief  statistical  enumeration  of  the  Russian  iron  and  steel-works  represent! 
at  the  Moscow  exhibition  concludes  the  paper.  Q.  A.  L. 


COAL  PLANTS  AND  COAL. 

(I)  Vcgilatx  foMiilft  dan*  la  iouil'e  fl  U  terrain  houiller.     By  M,  FivOL.     Compln. 
Seadti  mfii'ueU,  Sueiili  dt  I'lndutMe  mindralr,  1881,  pp.  3G-38.     Two  Plaiei 

fpi.  r.,  ri.j 

Attention  is  called  to  the  presence  of  irell-definBi!  vegetable  tiHsues  in  certain 
bright  leiiticuUr  partionu  uf  the  cool  of  CommQiilr;  and  Montvicq.  Theie  "  organised 
nodules"  (lenHllea  organiwa)  BltenmUi  with  duller  lonen  of  coal,  and  are  repeated 
■everal  times  in  lumps  from  three  to  four  inches  in  thickness.  Pnnctate  structure  and 
Btrintinns  are  often  well  shown,  eten  lo  the  naked  eje,  and  the  Cellular,  fibroos,  and 
other  tissue  are  sufficiently  preserved  lo  show  the  plutits  to  which  the;  belong.  So  far 
as  the  author  has  studieil  them,  the  renuuns  must  be  referred  to  forms  of  calamo- 
dendron  and  ferns. 
(3)  Note  poar  lervir  i  l'\ittoire  de  la  fiimalion  de  la  houitlt.  Bs  M.  Rbk*Ci.t. 
Same  puhKcation,  pp.  38-^. 

In  this  [laper  the  praliminar;  results  of  a  microacopic  eiamination  of  the  tinsnes  men- 
tioned in  the  foregoing  one  are  describod.  Tiie  conclusioiia  arrived  at  arc : — (I)  That 
in  many  cases  cool  can  only  be  duo  to  the  transformation  I'a  tifu  of  the  constitnents  of 
plants;  (2)  that  the  wood  as  well  as  the  barb  lia*  contributed  to  the  making  of  the 
coal  1  (3)  that  in  the  process  nf  change  into  coal  the  organic  elements— cells,  Btc.^haTO 
decreased  in  sixe,  in  all  their  dimeiisiiius,  in  a  regular  and  determinable  ratio. 

Tliese  two  papers  open  nut  an  almost  untouched  field  in  the  investigation  of  tha 
origin  of  coal.  G.  A.  L, 


THE  ENDLKSS  ROPE  FOR  CNLOADING  BOATS. 

AppUraliiKi  dt  la  corde  tuKiJix  <nt  JMargement  det  bateaux.  Par  M.  V.  Dcj*rdi». 
SoM/i  dee  Inffrnieuri  aorlia  de  I'ecole  du  Hainaul,  Sir.  2,  Tone  XIII., 
pp.  fiZ-70.     Three  folding  Platte. 

This  paper  describes  an  armu)^'meiit  fur  discharging  and  stacking  eoal  under  the 
following  conditioni,  yyr.. : — 

The  depots  were  about  60  yards  long  bj  ID  jards  wide,  and  placed  with  their  long 
sides  parallel  to  the  canal,  10  yards  bejond  the  U)wing  patli,  which  was  S  jardi  wide 
and  might  not  he  interfered  with. 

A  wooden  staging  wu  built,  3  yards  high,  so  u  to  clear  the  towing  path,  from  the 
canal  to  the  centre  of  a  depot,  and.  bmnching  right  and  left,  was  carried  to  the  end  of 
the  depot.  Upon  this  a  tramwaj  was  laid,  with  the  space  between  the  tails  left  open. 
Upon  tlie  tramway  a  truck  ran,  hanging  from  which  was  a  one-ten  kibble.  This  truck 
also  carried  sundry  dnims,  shown  in  detail  in  the  plans,  which  were  set  in  motion  by 
means  of  a  10  horse-power  stationary  engine  through  the  intervention  of  a  leather 
driviug  belt. 

Tlie  troek  being  placed  over  the  boat  (o  be  unladen,  the  empty  kibble  is  let  down 
into  the  vessel,  and  a  full  one  is  attached  to  the  rope.  This  is  then  wound  up  to  the 
required  height,  and  held  there  by  a  pawl.  The  truck  is  then  attached  lo  an  endless 
rope,  and  run  into  the  depot,  when  the  full  kibble  is  dropped  and  an  empty  one  taken 
up  in  its  place  to  be  carried  Inck  again  to  the  iMOt ;  and  so  on. 

The  cost,  including  depreciaUun  and  interest  on  capital,  assuTning  a  minimum  of 
25,000  tons  nnlnaded  and  stacked  per  annum,  is  3d.  per  ton,  as  against  6]d.  wheu 
carried  by  coal'beavers.  J.  H.  H. 


FRACTDRK  OK  A  BORINn  TOOL  BY  HVNAMITE. 

Sondage  de  Willerlhum :  Buplire  iTkh  trypan  par  la  dynamite-     Pur  H.  Bsryn. 

Comp/f-Stndv  iiirnnelt,  Soeieti  de  Vl»d«itrU  MitiiraU,  1883,  pp.  183-163. 

Om  Plaie. 
A  borehole,  twel™  inclie*  in  diameter,  put  down  mt  Witterthum,  near  Alaniitiia, 
Belgium,  wu  itopped  at  ■  depth  of  300  fathoms  through  the  trppaii  itickiiig.     In 
tttempting  to  Aittw  it  the  rods  vers  broken,  oJid  the  lrcp«u  and  Svc  jsrd»  «f  stt-vl  n^ 
were  left  Ht  the  bottom  of  the  hole. 

After  aevenil  fniitlesa  attempta  to  uithdrnw  Uivm  the  hole  wiu  abiittt  to  be  abui- 
doned.  whou  it  occurred  to  M.  Brunet  to  try  to  brenk  up  the  tool  with  dytuinilc.    Thij  , 
he  Bueuecded  in  doing,  tbo  brukeu  pieces  were  ibawii  with  «onie  difficully,  *ud  iImJ 
boring  proceeded  with.  J.  II.  M.       ■ 


PUMPING  BY  ELECTRICITY. 

2fole  lur  U  CraAfport  de  force  par  rfleelrieile  de  Sainle-BIiiaielA  a  la  pompt  de  h 
Sorme.  Far  M.  Gbaiu/it.  Complei-Seadut  mentuelt,  Soeiele  de  Flmdiatrit 
Miniralt,  1883,  pp.  239,  210.     One  Plale. 

Tlio  author  describes  the  arrangcmcnte  by  means  of  whieb  the  lurplaa  power  ot  Uw 
engine  of  ■  venUUting  machine,  aitnated  a  long  way  off,  was  ntiliaed  for  piiiupiug  iratcr 
to  aoine  boilers  and  to  a  farm. 

The  distance  of  the  engine  from  the  pnmp  was  77E  metre*,  from  the  pump  to  tt 
farm  and  boilers  £90  metres,  the  head  against  which  Ihe  water  wo*  pumped  was  S 
metres,  and  the  qnantitj  pumped  1 J  Ltree  per  second  (saj  abont  850  yards,  320  yaida  I 
22  yards,  and  20  gallons  per  minute  rmpecUrely).  J.  H.  AI 


MPE  ASSURANCE. 

Conference  ear  I'limraitce  ear  la  fie.     Faitee  A  I'ieole  dte  mlnet  de  ■'iaiHl-Elieitaa,  I 
le  3  dicenbre.  1882.      Far  M.  L.  BADON-PisCAi.      Coieplee-Stndue 
Socifti  de  VlndMilrie  MiniraU,  1883,  pp.  21-31  and  I7-&7. 

This  paper  is  the  address  of  M.  Badon-Paseal  to  the  old  stadents  of  the  School  of  J 
Uines  at  St.  Eticnne.  It  is  the  outcome  of  a  resolution  made  by  M.  Cbalmetoti,  at  tJMB 
congress  held  at  Alais  that  an  address  should  be  gireu  each  year  to  young  miniug'l 
engineers  upon  life  asgnrBnce. 

M.  Badon-Pascal  begins  with  a  short  ritwuic,  pointing  out  the  ralionale  of  ii 
tuice — both  life  assurance  and  insurance  sgaiust  accidents — and  its  great  importance  I 
to   professional  men.     Ho  then  recommends  a  system,  introduced  bj  the  1 
Cool  Company,  of  iiisaring  the  lives  of  principal  emplcyfi,  the  employer  pajiujf  c 


half  of  the  premiums.    The  BessC'ges  Company  insu 


:  their  ei 


-s  for  SI 


IS  »»rjii»'a 


from  20,000  tfl  100,000  francs  (£800  to  £1,000),  the  premiums  of  course  depeiidingl 
upon  the  age  of  tlie  assured.  No  one  is  compelled  to  avail  himself  of  tliis  omngemontt  I 
bat,  on  the  other  hand,  the  company  consider  that  they  are  under  no  moral  oUig»tien-l 
to  aanat  the  n'ido*'s  and  orplians  of  those  who  do  not. 

The  Montrambert  and  Berandiire  Coal  Company  have  Utely  adopted  the  a 
^item,  and  there  seems  to  boaprogpeet  of  its  becoming  general,  so  that  on  an  engineop  4 
having  a  edliery  hia  poliej  of  ineurmnoB  will  be  continued  by  his  new  employe™. 

J.  U.JJ 


I 


A  MINER'S  STRETCOEIi. 
Appareil  pour  It  IrampoH  dts  bleisri  dam  Ut  Minn.     Par  Lb  Doctecb  Dctjol, 
Complei-Seadtt)  oiemveU,  Socie'U  de  I'liidvitrie  MineraU,  1883,  pp.  244-246. 
Om  Piatt. 
Doctor  Dojol's  stretclier  is  in  tlireo  parts,  Linged  together,  and  forms  a  oouch  6  feet 
Iniii;,  by  20  inchpa  wide, and  16  inebia  high;  or  a  uhair,  the  bnck  and  leg  rest  of  which 
can  be  >et  at  anj  angle.    It  is  apeciall?  designed  for  nte  nndergroucd.  and  a  provided 
with  straps  and  podded  partitions,  so  that  the  limbs,  etc.,  maj  be  firnilj  secared  and 
further  injorj  prevented  dnring  transit  through  the  workings  otid  up  the  shaft. 

Many  of  tlie  nieiiibera  of  the  Society  of  Miwrrol  ladnstry  iireieut  nt  the  meetings 
thoQght  that  the  ntrctclicr  could  bo  easily  carried  about  a  mino,  and  suggested  that  it 
be  mode  capable  of  being  attached  to  a  tram,  with  which  modiScatioo  thej  considered 
it  would  bo  very  usefuL 

Tlic  dvtails  of  its  construction  can  bo  easily  followed  from  the  ]ilan. 

J.  H.  M. 


TRANSMISSION  OF  POWER  BY  ELECTRICITY  AT  pflRONNIERE" 
COLLIERY. 

Tra>imi*iio»  /lecln'gue  dct  ainet  de  la  Pi'ronniire.  Par  M.  Chaboubskt.  Complet- 
EeHdHt  meiutielt,  Soeific  de  I'ladatlrte  MiWrale,  1883,  pp.  6-10. 

M.  Charonsset  first  descrilies  some  alterations  that  have  been  mode  in  the  mochinny, 
and  then  shows  by  ineaiu  of  two  tables  the  results  of  some  experiments  undertaken  for 
the  purpose  of  detenniuing  the  passive  resistances  and  the  percentage  of  useful  work 
obtained  in  different  circumstances. 

The  distance  the  correut  is  carried  is,  in  one  cose.  1.330  yards  to  a  staple,  up  which 
coals  ars  drawn ;  and  in  the  other,  1,G50  yards,  to  a  gin  bank. 

The  uaoful  cFFect  was  30  per  cent.,  with  1.280  revolutions  per  minute  of  the  gener- 
ating dynamo.  But  a  higher  efficiency  could  have  been  obtiuned  nith  a  greater 
number  of  revolutions.  J,  U.  M. 


THE  DEVELOPMENT  OP  RAILWAYS. 
Herue  /cOMmiqur  et  ilaliitigur.  Par  M.  pArL  TRASKseTKB.  Le  divtloppemtnt 
dn  ciemim  defer.  Serve  UnieeritlU  dti  Minet,  8(r.  2,  Tom»  XII,,  pp.  £20-243. 
In  this  paper  (twonty-uino  pngca  of  small  print,  including  two  tables),  the  author 
gives  tbe  lengths  of  milway  open  in  each  country  of  the  world  at  the  end  of  each  Ave 
years  from  18-10  to  1870,  and  at  the  end  of  each  year  from  1870  to  1881.  He  siiows 
the  increase  for  each  period  of  ten  years  from  1B40  to  1880,  and  for  each  year  from 
1870  to  1881 ;  and  tries  Co  deduce,  from  what  lins  occurred  in  tha  past,  what  may  be 
auticipatad  foe  the  ioiTncdiato  fntnre. 

As  the  paper  consists  almost  entirely  of  figures  a  referonoa  to  it  is  perhaps  safflciont. 
Taking  the  kilometer  equal  to  fivc-eightbs  of  a  mile,  we  find  that  at  the  end  of  1881 
there  were  2-19,686  miles  (309,338  kilometers)  of  railway  open  throughout  tbe  world, 
and  that  the  present  rate  of  Increase  is  about  16,000  miles  per  aaaam.         J.  H.  M. 
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AN  ENDLESS  CHAIN  BANK  AT  MARIEMONT. 

Ckarhonna^9  de  Mariemont,    Pniis  Saint- Abel,    J)eser%ptum  d^mne  appUeaium  dt 
traxnage  MScanique  Souterraine,    Par  M.  Jo8.  Wutllot.     8oeiM4  det  Im- 
gSnieurt  tortU  de  VEeoU  du  Hainaut,  SSr,  2,  Tome  XIII.,  pp.  103-107.     One 
folding  Plate. 

The  author  describes  an  endless  chun  nndeigronnd  engvie  plane,  in  which  the 
force  derived  from  a  falling  gradient  npon  one  part  of  the  plane  is  utilized  for 
hauling  the  coals  up  a  rising  gradient  upon  another  part.  The  detidls  of  the  arrange- 
ment are  shown  in  the  plate.  J.  H.  X. 


MINERAL  STATISTICS. 

Bevue  ^conomique  et  Statietique.    Par  M.  Paul  TsasbnbtbIl    Statistique  MiniraU, 
Revue  Universelle  dee  Mines,  SSr.  2,  Tome  XIIL,  pp.  466-481. 

The  Coal  Thadb.— DAAWiyos  in  Millionb  of  Mbtbio  Toirs. 


18fia 

1870. 

1873L 

1879. 

1880. 

1881. 

1881 

Qreat  Britain 

85*4 

112-2 

1290 

136-8 

149-3 

166-6 

158*8 

United  States 

15-2 

30-7 

51-3 

63-8 

70-3 

77-8 

88-1 

Germany           

12-3 

34-0 

461 

53-6 

59-2 

61-5 

65-4 

France  ...         ...         ... 

8-3 

131 

17-5 

17-1 

19-4 

19-9 

ao-8 

Belgium            

9-6 

137 

15-8 

164 

16-9 

16-9 

17-5 

Austro- Hungary 

3-5 

8-3 

11-9 

14-9 

16-0 

17-3 

18-0     (?) 

Russia 

•  •  • 

•  • 

•  •  • 

•  •  a 

•  •• 

8-24 

8-24  (?) 

Spain     

•  •  • 

•  •  • 

•  •  • 

•  •  t 

117 

117  (?) 

Sweden 

•  «  ■ 

•  •  ■ 

•  •  • 

•  •  • 

0-12 

0-12   (?) 

Australia           

•  •  • 

•  ■  • 

•  •  • 

■  •  • 

2-20 

2-20   (?) 

Canada   

•  •  • 

•  •  • 

•  •  • 

•  •  • 

1-437 

1-487  (?) 

India     

•  •  • 

•  •  • 

•  •  • 

1-03 

1-03  (?) 

1-03   (?) 

Chili      

•  •  • 

•  •  • 

•  «  • 

•  •  • 

0-80  (?) 
0-53  (?) 

0-80   (?) 

Japan    

•  •  • 

•  •  • 

•  •  • 

0-63 

0-53    (?) 

Chiim 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

3-00 

8-00  (?) 

Other  countries 

Total      

•  •  • 

•  •  • 

•  •  • 

•  •  • 

• .. 

2W3(?) 

134-3 

2120 

271-6 

300-6 

332-66 

363-027 

385-0 

The  paper  gives  also  the  consumption  per  head  in  some  of  the  more  important 
countries,  and  the  production  per  man  employed. 


The  Ibon  and  Stbbl  Tbadb.-Pboduction  of  Ibok  Obb  in  MiLLioire  or 

Mbtbic  Tons. 

17-0 


England 

United  States 

Germany  and  Luxembourg    . . . 

1^  LMU  \a         •••  ■••  •••  •«» 

J;  lall CO      ••■  •••  ••«  ••• 

Other  countries  

Total 


IQrO 
8*3 
5-0 
3-0  to  3-5 

4-2 


47-6 


The  paper  also  contains  the  production  of  cast  iron,  wrought  iron,  and  tteel,  aad 
the  exportation  and  consumption  of  the  same  in  the  principal  oonntriea  of  the  worl4* 


Th8  Ziko.  Lead,  Copfib,  i 
Tlic  anthoT  gives  the  tike  Btatiatics  for  tbcte  also,  from  rIiIcIi  we  find  tluit  Bplf^um 
produces  tlio  greataat  quuutitj  ut  zinc,  England  coniiiig  sccoud ;  Spain  tlie  moat  lusd. 
England  itending  Mcnnd  ;  England  tlic  most  cop))rr;  Detr»iC  ibc  lanst  tin,  Cornwall 
(tooding  nBiL  J.  H.  SI. 


DRAWINGS  AND  LITHOGRAPHS  OF  FOSSILS. 

BeprodvciioA  Aulographique  det  Emprtinla.    Par  M.  Chawskliji  tl  M.  Fatol. 
Complft-Eendut  mentueJ;  Sociit4  de  Plnduilrie  JUin^rale,  18S3,  pp.  36  and  119. 

The  impreaainna  are  tokun  as  foUows: — Printing  ink  is  spread  over  tho  fouil  bj 
menus  of  a  roller,  and  onlinsrj'  wliite  paper  ii  dampi-d  and  gently  pressed  upon  it  with 
the  lingers.     If  b  lithograph  is  required,  autographic  paper  must  b»  used. 

As  moit  cool-measnre  fossils  nould  be  dniiisgL-d  hy  printing  ink,  thej'  should  first 
be  covered  with  silicate  of  potash,  dried,  and  tlieu  inked  u  above.  After  the  print  has 
been  taken  everj  trofe  of  the  ink  can  be  removed  from  them  by  washing  in  spirits  {en 
lavanl  a  Vtueace). 

Several  lithogiaphiu  plates  taken  by  this  method  were  exhibited  to  the  meroben. 

J.U.U. 


THE  ANTHRACITK  AND  LIME  ISDUSTRIES  OF  MAUR 
Itole  $ur  Ui  Anthracilii  tt  If  Chimx  de  la  JIauritnM  fSaooieJ,     Far  M.  VlLLKT. 
BulieliK  dt  la  SocieU  de    I'litduelne  MiniraU,  Ser.  2,  Tome  XII.,  pp.  5-42, 
Tico  folding  Plata. 

The  author  first  describes  the  topography  of  Hanrieune,  illustrated  fay  a  geological 
map  on  a  scale  cf  j^^,  (four  miles  to  the  inch)  and  two  sections ;  and  gives  an 
account  of  its  mineral  resnurcei.  vil.,  its  slate,  limestone,  gypsum,  authrocifc,  spathic 
iron  ore.  argentiferoos  lead  and  copper.  He  theu  describes  the  nnthmeite  mines  and 
hj'dmnlic  limratone  quarries  in  detail. 

The  point  perhaps  of  moat  Interest  to  Ibe  members  of  the  North  of  England 
luttitnte  is  his  deneriplion  of  the  above-gronud  hautnge  by  means  of  suspended  mil- 
ways  cir  smtpeoded  inclined  planes.  This  system  wna  adopted  becansc  the  mountainous 
nature  of  the  eonntrj  would  have  made  ordiiiary  railways  very  cipeuuvo 
and,  even  if  made,  tbe  snow  would  have  rendered  theoi  useless  durin){  a  gre&t  part  of 
the  year. 

Two  iron  wire  ropes  aboot  four  inches  in  rircumferenco  are  stretched  from  point  to 
point,  Bi  much  as  700  yards  being  included  in  one  span.  An  iron  stirrup  furnished 
nith  wheels  runs  upon  each  rope,  and  the  tub  is  hung  from  the  stirrup.  In  order  to 
save  weight  the  tub  is  mode  detncbsble  from  the  wheels  upon  which  it  ri 
mine.  These  stretched  ropes  then  take  the  place  of  the  roils  on  an  ordinary  plane, 
and  the  seta,  or  single  tubs,  as  the  case  may  be,  arc  hauled  up  and  down  by  stationai^ 
engines,  or  ore  arranged  to  work  like  aclf -acting  inclines  as  the  Rradienls  suit.  The 
weight  of  tub  varies  from  8  to  10  cwta. 

The  first  coat  of  a  suspended  railway  to  run  15  tons  per  day  in  75  journeys,  a 
lug  a  single  span  of  600  metres,  with  300  metres  dilTereiirD  of  level,  and  two  iron 
wire  ropes  0022  metres  diameter  (say  a  2^  inch  rope),  would  be  6.416'4G  francs  (£216). 
The  iron  cables  last  about  six  fears,  J.  H,  >|, 


86 


y 


THE  SCHOOL  OF  MINES,  LIEGE.— EXTRACT  FROM  THE  REPORT  OF 

M.  TRASENSTER. 

Bulletin  de  V Association  des  Ingcnieurs  sortis  de  VEeole  de  LiSge,  AouvelU  SSrie, 

Tome  riL,  pp,  223-23a 

During  the  seBsion  1882-83  the  names  of  1,314  students  were  on  the  books,  being 
111  more  than  the  preceding  year.  87*  sat  at  the  final  examination,  all  of  whom 
obtained  diplomas,  21  as  mining  en^neers,  2  as  engineers  of  arts  and  manofactures, 
and  4  as  mechanical  engineers. 

An  Electro-Technical  Institute  is  about  to  be  added  to  the  school  at  a  cost  of 
100,000  francs  (£4,000),  presented  by  M.  Mont^fiore,  M.P.,  and  au  old  student ;  and 
the  deg^rec  of  cngineer*electrician  has  been  created  by  the  Qovemment  to  be 
awarded — 

1. — To  men  holding  the  degree  of  mining  or  mechanical  engineer  (Belgian 
Section),  after  one  year's  special  training  on  cerUdn  subjecta,  the  pro- 
gramme of  which  is  given. 
2. — To  students  of  mining  and  mechanical  engineering  (Belgian  Section)  who 
have  passed  through  their  preparatory  courses,  after  two  years'  special 
study,  the  programme  of  which  is  given. 
3.— Certificates  will  be  given  to  engineers  of  arts  and  manufactures  and  to 
meclianical  engineers  (Foreign  Section),  after  a  special  course  of  one 
year.  J.  H.  M. 


OBSERVATIONS  ON  UNDERGROUND  WATER. 

Die  Erscheinungsformen  des  Grttndwassers.    O.  Smbbkkb.    ZeitMchrift  des  Vereima 
Deutscher  Ingenieure,  1883,  pp.  681-691.     Illustrated  in  the  text. 

The  lecturer  mentions  two  theories  accounting  for  the  existence  of  underground 
water.  According  to  one  of  these  the  moisture  of  the  atmosphere,  when  precipitating, 
I)artly  trickles  through  the  soil  into  the  lower  strata  of  the  earth.  The  theory  of 
Dr.  Voglcr  maintains  that  this  water  cannot  trickle  through  to  any  considerable  depth, 
but  that  the  atmos])]iere  itself  impregnates  the  ground,  and  coming  into  contact  with 
the  dee])er  and  colder  strata  condenses  and  forms  the  underground  water  directly. 
This  water,  like  that  ut  the  surface,  exists  in  the  shape  of  hrooks,  streams,  and  large 
ex]>ansos,  which,  according  to  the  inclination  of  their  beds,  will  either  be  still  or  flowing. 
Tliis  is  ascertained  by  sounding  in  a  number  of  boreholes,  the  direction  of  the  flow 
being  determined  by  putting  colouring  matter  or  a  salt  in  the  water  of  one  hole,  and 
observing  in  which  of  the  other  holes  the  water  is  a£Fcctcd  by  it.  The  underground 
water  rises  and  falls  like  the  surface  water,  but  more  slowly.  As  a  rule,  the  beds  of 
rivers  and  lakes  allow  of  no  connexion  between  the  respective  levels  of  the  water  above 
and  below  ground.  A  striking  illustration  of  this  was  given  iu  the  case  of  the  River 
Letta,  near  Bologna,  where  the  level  of  the  underground  water  was  found  to  be  5  feet 
below  that  of  the  river,  and  this  difference  was  increased  on  both  sides  of  the  riTer  to 
8  feet  10^  inches  by  puui])ing  from  one  borehole. 

The  underground  water  is  met  with  in  natural  springs,  artesian  and  ordinary  wdli. 
Hydrological  exi)erinients  carried  on  in  the  Bohemian  Lowlands,  while  seeking  water 
for  the  city  of  Prague,  showed  the  underground  connexion  existing  between  diffei^nt 

"  27?— Sub-Editoh. 


fpTingt.  Tlie  nurfacc  tliuro  consiatfl  of  wtiditiinv,  resting  partly  nn  a  bud  of  msrl.  A 
pUn  and  acction  of  thu  Kokcrin  vallej  arc  given  in  the  teit.  Two  limoks  moot  near  n 
village,  and  between  tbeir  bnnka  are  nnmeroaH  aaaM  »]iriag».  Id  the  Tillage  are  aevea 
n-Ella,  and  bctwopn  It  uud  the  ucnroiit  broulc  is  a  verj  large  Hpring.  Tho  obBorvstionn  were 
lafritd  on  dnring  the  winter  of  1880,  wlion  the  two  bfiwks  were  dammed  up  to  ascer- 
tain Ilje  ainonnt  of  water  ffbich  they  talce  in  from  tboBO  aoarces.  Tlie  water  in  [he 
nearer  woUi  and  in  the  large  tpriog  mne  10  inches,  that  iti  the  wells  farthest  awaj 
only  G  inches.  The  loundinga  taken  on  Dooemher  30th  gave  a  depth  of  water  in  the 
wells  of  16  to  19  inches,  showing  alto  that  the  level  of  the  nndergmnnd  water  waa 
lOi  inches  lower  at  the  large  spring.  Fuur  weeks  after  the  danu  had  been  removed 
tlie  depth  of  water  in  thu  vculU  was  from  9  tu  15  inohm.  The  level  of  the  iindei^round 
water  shown  in  the  section  is  in  accordance  with  these  sonndinga,  the  full  line  ropre- 
sf iiting  the  natural  one.  Tlie  wells  were  dng  a  contnry  ago.  and  their  shallowness  is  a 
proof  that  the  water  level  has  not  altered  since  that  time,  as  its  lowering  would  liave 
nrcessitated  deeper  sinking,  there  being  just  water  onongli  to  allow  the  buckets  to  be 
tilled.  The  soundings  also  show  that  the  underground  water  flows  from  under  the 
village  tonnrda  the  brooks,  causing  the  rise  of  tho  Urge  spring,  and  the  smaller  springs 
rranlt  from  its  breaking  through  rents  in  the  clay.  J.  N. 


IMPROVED  UA8  QENGBATOK. 

Verbtaierter  Oriiie'Liirmann  Orneralor.     Fhitz  Ll'RMAJW.     ZiriCrcrifl  dei  Veteint 
Dtaticker  IngcHiturt,  1883,  pp.  664-6(18.     Too  Plalfi. 

Tho  new  Oroebe-Lunnnnn  Generator  dilfcrs  from  the  older  one  in  having  a  row  of 
coking  holes  on  each  aide  of  the  gas  ehamber,  instead  of  only  on  one.  These  holes  art) 
built  on  a  slope,  and  the  coal  as  it  is  coked  falls  on  to  a  grate  at  the  bottom  of  the 
chamber  and  is  gradually  raked  ont,  a  certain  quantity  being  always  left.  The  air, 
rising  through  the  coke  on  tlie  gnte,  produces  c^rbanic  oxide  gas,  which  is  led  by  brick 
passages  to  the  furnace  whicli  is  to  be  heated.  From  here  the  burnt  gases  are  led  under 
the  furnace  where  they  heat  the  air  required  for  the  combustion,  and  round  the  gai 
chamber,  whence  after  iHasing  round  the  coking  boles  they  reach  the  boilers  and  escape 
through  the  chimney. 

The  double  arrangement  of  coking  holes,  besides  requiring  lesa  gas  chamber  space, 
is  more  efficient  in  its  working,  as  tho  coke  on  the  grate  is  not  so  liable  to  get  low,  and 
the  formation  of  carbouic  acid  instead  of  oiide  is  thori>fore  less  likely  to  result.  In 
some  cases  the  ur,  instead  of  passing  through  a  grate,  has  been  supplied  by  blast,  and 
the  gates  are  then  passed  tliroiiglt  a  purifier  before  reaching  the  furnace,  to  free  them 
Trum  dniit.  The  gas  may  either  paas  Brat  ronod  the  coking  holes  and  then  through  the 
pnriflcr,  or  it  may  go  to  the  purifier  first,  so  as  to  prevent  llie  accumulation  of  dust  in 
the  brick  itasaagns. 

When  these  generators  are  applied  to  blast  furnaces,  or  to  the  production  of  heaUng 
gas  for  general  household  or  industrial  purposes,  precantjon  most  be  taken  to  prevent 
their  overheating.  Tliis  is  done  by  the  injection  of  hot  water  or  steam,  which  absorbs 
a  portion  of  the  snperfluons  heat,  and  passes  with  the  gases  into  the  furnace  in  the 
sliajH!  of  carbonic  oxide. 

Oas  geueraturs  with  natural  draught  mnat  he  charged  with  non-caking  cual ;  but 
for  those  with  tha  blast  a  certain  proportion  of  nuts  of  caking  coal  may  l>e  miied. 

J.N. 


RRFRIOEKATINO  MACHINERT. 

DIt  Wtrkunjiiierite  dfr  KarllemaKiinen.     R.  ScndTTLEa.     Zrittcirifl  dtt  Verrtmt 

Deahehrr  Tngnieiire.  1883,  pp.  513-557.    Itlutlralfd  tn  tie  lexi. 

The  tnlhnr  iliotra  tli&t,  though  in  k  stom  enfiine  efficiency  increun  with  Urge 
■nstion*  of  t«inpfr»ture.  in  en^neg  for  cMlling  ur  or  vnponr  aach  valiation  sbonid 
be  u  inull  u  pombto. 

Moat  iif  tho  latter  mre  open,  wid  oomprcM  a  fresli  viilaine  rif  sir  at  mcIi  alroke. 
Th«  engine  uf  Bell  sad  Coleutan  U  referred  to  u  that  iti  mint  general  om-  Tlic  aii  !• 
drawn  into  a  cylrudei  where  it  is  comprcued  and  coiiled  hj  the  iojection  of  water- 
■pra;,  aiiil  yattrA  through  the  condenter,  where  it  is  further  cooled  and  dried.  It 
ii  then  allowed  to  expand  in  a  Mcoud  cylinder,  and  Snail;  eifaausted  into  the  chamber 
which  is  to  be  cooled.  An  ininfficient  drying  of  the  wr  will  cbum  ice  or  nutvi  to  form 
iu  the  eipanucm  cjliiider,  and  lead  to  a  rapid  wear  of  \ta  working  parts. 

In  other  refrigeratora  llqaid  anmonis  !>  vapomed  bj  being  paafcd  thnmgh  caul*  of 
piping  surronnded  b;  the  water  to  be  cooled.  The  teroperatnre  in  the  eoiidenier  is  DIUII7 
68?  F. ;  tbat  in  tlie  refrigerator  6°  or  leas.  To  compare  these  two  sjstcmi  of  reFrigent- 
ing,  the  anthor  colcnlatea  for  each  the  work  repaired  to  ahttract  9,000  anita  of  beat 
during  an  hour.  The  namber  of  strokes  is  100  per  minnte,  tbc  hone-power  reqnind 
being  8'1  for  tlic  air  engine  and  8'8  for  the  ammonia  engine.  The  conjpresaioD  cjlinder 
of  tbo  former  has  a  volume  of  SI -34  cuHc  feet;  the  eipanaian  cjtinder  19'StcDfaic 
feet ;  and  7*4  units  of  heat  are  abstracted  from  the  air  bj  the  expenditure  of  one  nnit 
of  working  heat.  Assnming  the  aQimonin  used  to  contain  10  per  cent,  of  water,  the 
volume  of  its  lingte  cylinder  woald  be  onlj  3'89  cnlnc  feel,  and  the  factor  of  efficiencj 
6'S.  Although  the  vapour  engines  require  addiljonal  apimratus  when  applied  to  air, 
they  are  preferred  for  that  purpose  to  the  eompresaiun  engines,  the  latter  being  used  with 
advantage  for  cooling  meat  or  Hah.  which  will  keep  better  in  cold  air  than  on  ice. 

A  leoond  grou|)  of  refrigerators  ia  based  on  the  reduction  of  lieat  which  acocna- 
panies  the  absorption  of  ammonia  vajioar  by  waler.  These  absorption  engines  were 
invented  by  Carre.  The  tranamiision  at  the  vapour  from  the  pump  cylinder  to  the 
condenser  is  effecUid  b;  a  system  of  coaling  tubes,  the  arrangement  of  which  is  illus- 
trated by  diagrams.  They  require  about  three  and  a  half  times  as  much  water  M 
the  Hrst -mentioned  engines,  and  their  efficiency  U  •mailer.  A  combination  of  the  two 
systems  is  the  vacuum  engine  of  CarT«  and  Wiiidhanaen,  which  is  baaed  on  tlie  fact 
tliat  in  a  vacuum,  water  may  be  converted  into  ice  a*  long  as  its  va]»nr  is  absorbed  by 
sulphuric  acid.  Tlie  cooling  water  in  the  condenser  ia  eonataiitly  being  removed,  and 
tbo  vapour  ia  partly  removed  by  a  powerful  air-pump.  3.  N. 


BKaENEIlATOKS  FOR  AIR  EXCIINKR. 
r'eifr  die  AMKendnng  ron  Srgeitfratoren  bei  Hrittlupmatekinen.  H.  SCBKORTIB. 
Zriltchrift  dn  7'ertiiu  BeuUcher  Ingenitnre,  1883,  pp.  419-159. 
The  theucy  of  the  regenerator  ax  applied  to  air  engines  is  ^ven  at  length,  and  Ihs 
factor  of  eflicieucy  calculated  for  an  engine  with  and  without  ■  regenerator.  The 
theoretical  aasumptiou  that  the  changes  of  temperatnre  in  the  r^enerBtor  anrMpoDd 
eiactly  wiili  tlioae  of  the  air  admitted  and  diacharged  ia  not  borne  out  in  practice,  hot 
a  mean  temperature  in  created  after  a  certain  time  which  renders  the  action  imperfect. 
This  ia  given  as  the  principal  reaaon  nhy  the  rcgenemtor  fails  in  piactice.  Iu  the  can 
of  an  sir  engine  constructed  recently  by  J.  Hock,  in  which  the  air  is  heat«d  directly  in 
the  engine,  a  regenerator  lias  l>een  applied  with  advantage.  Hentiou  is  nude  of  ths 
trials  with  regenerators  made  by  C.  W.  Siemens,  and  published  in  Raakiiic'a  work  nn 
the  steam  engine,  J.  N. 
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AIR  HEATERS  KOH  BLAST  PORNAL-RS. 

Ueber  WinderMlttr J^r  MouAdfeii.     FalTi  LUBMANK.     Zeilichrift  dei  renia, 
DeuUcker  IngtHieure,  1833,  pp.  17o-485.     One  Plait. 


1   former  lecture  of  Heir  Lilrmsna's  led  hiin  to  mtike 
rg  &boat  some  ot  the  ]x>inta  raisoil,  tbo  reaiilta  of  whieb 


Criticiama  passed  opon  a 
enqniries  kmong  famoce  nuui 
he  hero  comrouuicatas. 

The  wute  giacs  fnim  tlic  blast  futnoce  carry  wilL  tbein  into  the  heatduf;  apparatoi 
■  good  dual  of  dnil,  «liicli  aocumulates  tbere,  bhiI,  being  afterwanU  carried  back  into 
the  furnace  by  tbe  air,  tends  to  reduce  tbc  elReicnc;  uf  the  blaat.  Tbc  qimutitf  ot 
dust  tliua  carriwl  varies  with  the  voluoitj  of  the  goaea  wben  Icoving  the  furnace,  thU 
being  the  greater  the  more  compact  tlie  charge  aiid  tlieauialtur  the  [npen.  Uoe  method 
of  puriEjiiig  the  goaes  iato  paaa  them  tbrougb  largo  cliambera,  m  tliat  tiieir  veUKitj  is 
dimiiiiahed  noil  the  duat  aettlea  don-n.  In  tbe  case  of  two  air  beaters,  built  on  tiiis 
prinuijile  in  Trance,  tbe  velocity  ia  reduced  from  21'5  fwt  p«r  second  lu  from  I'd  to 
B'S  fcot  per  second,  one  of  tbo  cbauibcM  bting  built  over  o  etreain  of  water  which 
carriea  oS  the  dust  aa  it  tetUei.  Other  cij'cdient*  for  getting  rid  of  tbo  doat  ore  to 
poaa  tbe  gases  tbroitgb  loose  heaps  of  bricks  and  brnsbirood,  and  to  lioag  up  abeeta  of 
iron  rettically  in  the  beater,  the  first  of  tbcse  means  being  found  very  eifeclive. 

Beloni  moLitcng  tbe  gasca  by  water  diffused  as  spray  bj  a  jot  of  steam,  tbe  doit 
bdng  thus  moistened  and  laid,  and  then  puses  them  through  a  condenser  to  dry  tbem. 

It  ia  stated  tliat  an  annual  saving  of  £3,000  has  beea  effected  in  tbe  working  of  a 
Silowou  blast  furnace  by  rabiiag  tbe  lemperature  of  the  air  admitted  to  the  funtooe 
from  600^  to  1,300°  F.  Thia  bos  been  elfected  by  the  adoption  of  tbroo  Wbitwell 
stoves,  each  22  feet  in  diametsr  by  65  feet  liigb,  and  baviiig  a  beating  area  of  2S,S31 
square  feet,  the  coat  of  each  stove  being  £1,750.  An  improvement  on  these  atovcs  baa 
been  patented  by  Horr  Goedeckc,  who,  ia  order  to  introduce  it,  offers  to  apply  bis 
invention  tor  two-thinla  of  its  cosL 

Figs.  1  and  2  (FUte  XXII.)  illastrate  a  Wbitwell  itove  of  tbe  latest  design, 
Figs.  3  and  i  abuwlng  an  earlier  conilruction.  FIgi.  6  aud  6  represent  a  ttore  of 
the  Cowper-Siemena  ayatem.  In  tbe  latter  it  ia  ata[«d  to  be  a  great  objectiun  tbot 
alternate  tiers  of  briek  grating  are  placed  at  right  angles  to  each  otlier,  aa  they  an 
thus  much  more  likely  to  bo  choked  by  dust.  M,  Rcmatiry  publiabes  tbe  follovring 
comparative  table  of  tbo  costs  of  the  two  systems,  ai  experienced  with  stoves  bmlt  and 
worked  in  the  North  of  France: — 
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According  to  M.  Rcmaary  the  air  lioating  area  for  bloat  fnmaces  varies  nith  the 
local  conditiiina  of  working  and  tbe  nntore  of  the  charge ;  but  in  any  wae  three  Whit- 
well  stoves  arc  equivalent  to  four  Con  per  stovcsi,  one  of  ibe  latter  being  alniya  out  of 
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«  deiuiing.    TIiB  Whitwell  stoves  pin  be  clcuned  while  wiwkinp,  and  !n  I 

n  of  dnit  ii  fHctlitoted  bj  the  froineiit  revenal  of  IIk-  directiou  of  tha   | 
■Ing  tbroiif;h  them.    A  matter  of  importiuice  iu  cle«tilng  ia  the  pontioa  of 
fha  hricki,  s(«vci  with  lien  uf  flnt  bricki  being  laut  liable  to  Bhriiik.     A  calcaluioi 
n  of  the  besting  sres  of  a  stove  iuteiided  for  a  fomoc?  dealing  nith  7-1 1( 


which  2(H  Ibe.  of  carbon  ore  □:iidized  per  minnto,  tbe  & 
being  30,700  cubic  feet. 

It  ia  foand  tb&t  for  lower  tomperatnres  of  the  i 
cut  inm  air  heaters  are  better  tliui  those  of  brielc. 


t  of  a 


required  for  thia 


r  blast,  My  ap  to  I.IOCC  P..  Uu:  0I4 , 


BeleucMuag  da  tgl.  Reiident  Thealeri  in  Mu*eltrH  nach  EdUoa't  SjiiUwi. 
Budtutung  der  lUclriidm  Bdeaciluag  fur  die  Qttundhtllipffge  nitd  dat 
Bettmngiwetea.    Zeiiieiri/t  det  Vercini  Dnlicier  Ingenieufe,  1883. p^.  508-510. 

The  light  ia  supplied  bj  three  Edison  dTnamo*,  pottOTn  E,  each  feeding  250  six- 
candle  incandescent  lampa.  The  djnamoi  are  each  driven  b;  a  coniponnd  engine  of 
40  horae-power,  and  run  at  900  revolutions  per  ninatc  Short);  after  leaving:  '^ 
djnamo  the  current  ia  divided  into  two,  one  for  38  cwidlos  for  tbe  lobbies  and  itair- 
oaaea,  and  the  other  for  678  candles  for  the  sU^  and  auditor;.  The  light  of  tlie 
lamps,  altbongh  ivithont  g-lssa  globes,  is  «tat«d  to  be  more  agreeable  Ihau  gsn  light. 

Eiporiinenta  have  been  mode  to  Bacerl«iD  the  relative  cffecti  of  gna  and  ele«tri« 
light  on  the  tempemturD,  and  the  amount  of  carbonic  acid  in  tbe  theatre  both  emptj 
•nd  when  oocupied  bj  from  600  to  GOO  penons.  The  temperature  waa  noted  everj  tan 
minnten.  In  the  upper  parts  of  the  house  when  emptj  it  was  tea  times  as  high  witti 
gas  light  at  with  electric  light.  Daring  ■  performance  b;  electric  light  the  reading 
(73°  F.)  in  the  higher  puis  of  tbe  bouse  was  about  the  same  as  that  lAken  in  tbe  ptt 
when  gaslight  was  need,  notwithstanding  that  the  temperature  out  of  doors  waa  higher 
iu  tbe  flrst  case.  The  greatest  amount  of  carbonic  acid  iu  a  full  boose  wu  '23  per  Met 
with  gas  and  'IS  per  cent,  with  electric  light.  J.  N. 
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DIAMOND  EOCC  liOREB  FOR  ARTESIAN  WELLS.  ■ 

Diamanthokrer  fir  arlttitcht  Br%iine»  der  AmtHcan-Diamond-Eoek-Bori»g-C(fmf. 
BiBOEATn  TBCKLXNBrBO.    ZtilKkriJl  det  Vertint  DeulicKer  Inyenifure,  1SS3, 

pp.  &17'6I8.     niiulrated  in  He  text. 

The  boring  machine  is  fl>ed  to  a  caat-iron  framework,  which  earrie*  an  oscIUatiag 
steam  cylinder  turning  tbe  apindle  by  means  of  apnr  and  bevel  wlieels.  A  cross-bai-  ia 
mounted  on  tbe  top  of  Che  spindle,  to  which  are  attncbed  the  piston  rods  of  two 
hydraulic  cylindera.  The  drill  is  thus  forced  into  the  rock  by  hydraulic  pre*aar», 
which  in  regulated  by  the  supply  of  water  from  the  accumulator.  The  >inndle  conn«ts 
of  tubes  coupled  by  interior  muffs,  so  that  the  borehole  ii  round  and  smooth  and  ready 
to  receive  the  pipes.  The  rinsing  of  the  hole  is  efTeoted  b;  a  lepamte  pamp  delivering 
the  water  through  the  hollow  spindle  and  the  annular  boring  bit.  Tbe  macMae  baa 
been  applied  lately  in  Pennsylvania,  by  the  Wilkes  Coal  Company  for  boring  threa 
S-iuch  holes,  two  of  them  binng  [iS'.t  fathoms  and  the  other  50  fathoms  deep. 
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SUBSTITUTES  FOR  BLASTING  IN  COAL  MINES. 
Eittigti  ibtr  dig  KohleHgeHfianutg  mil  eompnmirteit    Kalkpalronen  uitd  mil  dtm 
Letel'Khta   ht/draMt'tchen    Ablriehkeri.      J.    MirBB.      OetterreicAiieke   ZeSt- 
Khrijtf&r  Serg.  und  SHllmweien,  18S3,  pp.  367-370,  386-388,  and  iCfl-ilO. 
lUuilraied  in  ae  teal. 
Tvo  iDethods  of  bringing  down  tho  coal  ure  here  princtpallj  dealt  with,  viz.,  "tliB 
compreased  lime  ]>ro<:c«a  "  and  "  llio  LeveC  hydraulic  wedge." 

H)  gHsaf  OB  Ui  moke  blasting  dangorooa,  and 
B  worki-d  neither  o(  tUeie  mothoda  ii  quit* 

ms  are  aa  fullnwB  :— 

...     Hard  and  tongh  and  very  giwaj. 

...     Hard  and  gritty  ;  kirving  practised. 

...     Hard  and  gritty. 

...     Ill  Boino  parts  dirty;  in  otliers  good 

and  snitable  for  kirving. 
. . .     Cloan  bard  coal ;  snitable  for  cnrviog. 


There  are 

few  coal  mines 

in  Austri 

most  of  tha  principal  aa 

itns  that 

itahle. 

In  the  Polish  Ostrau  coal-fiotd  the 

N««. 

TOota 

Thick  ! 

■ieam 

...     13 

Juno 

do. 

...       3 

Urania 

do.         2  ft.  8 

in.  to  3 

II.  Lji 

ing  Seam  ... 

...      4  1 

IV.     Do.     do. 


'^'''^''^'")  boards.  Wilhelm  Shaft 
(     do.     Jacob  Shaft    ... 
Jnno      do.  do.  do. 

Urania  do.  do.  do. 

.   LyiDgSeam  io. 


IV. 


Do. 
Do. 


do. 


0    5i 

0    2i 

1    Oi 

1     Oi 

0    6i 

0    5i 

0    2i 

0     81 

0    Ei 

a  passage  in  the  Thick  Seam  near  tho 
mpressed  lime   process,  the  Levet 


Large  quantities  of  gas  were  met  wit 
Wilhelm  Shaft,  and  recourse  was  had  t 
hydranlic  wedge  being  also  tried  in  ncigbbonring  boards. 

The  passage  in  question  had  previuoslj'  bcoa  worked  7  f''et  2]  incbcs  broad  bj 
G  feet  6i  incbcs  high,  the  practice  bring  to  kirve  at  half  height  and  bhiat  tho  top 
down  with  two  charges  of  dynaniilc,  the  bottom  bdng  attern'ards  blasted  up  with  two 
more  charges. 

Tho  tlrst  attempts  to  bring  down  the  top  piece  with  lirne  were  ansnccessfiil  with 
two,  three,  and  even  four  shots,  aud  it  was  found  necessary  to  nick  tho  coal  at  both 
sides,  after  which  one  shot  was  found  sufficient.  The  shot  holes,  kirving,  and  nicking 
were  carried  to  the  same  depth,  viz.,  about  40  iDchea. 

A  miner's  wages  were  about  2s.  IJd.  per  shift  of  eight  hours,  during  which  he 
could  kiri-e  nearly  13  square  feet,  or  nick  nearly  12  square  feet  of  cual.  The  cost  for 
kirving,  nicking,  and  bringing  down  tho  upper  uoal  was  att  follows:  — 

Four  shifts  nicking  and  kirving,  at  28.  Ijd.  8    S 

One  shift  boring  and  iucideutel  work  2    li 


Limo  cartridges  (one  hole) 


02 

In  round  nambcrs  tlic  totnl  co»t  cama  to  lis.  2d.  per  40  inches,  or  lOa.  a  yird. 

The  luRheat  cont  of  workiiip  witli  djnamita  nas  Ga.  Id.  |ier  yard,  and  in  general 
the  work  coat  npworda  of  6G  per  cent,  more  with  lime  cartridges  thati  with  dynamite. 

Tlie  cmt  of  pure  liand  irork  per  jud  came  to  lis.,  but  the  cmls  wore  won  m  much 
mailer  lompc    The  comparative  reault*  were  : — 
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(il 


The  difference  in  Tidno  of  tbe  coala  thus  won  cooic  to  ahont  iA,  per  janl,  which 
brought  the  comparative  onst  per  yard  of  the  lutnd  noik  np  to  lis.  4d. 

The  co»t  of  the  liund  work  thni  came  to  13  per  coat,  mnre  than  that  done  with  the 
lime  cartridges,  and  to  90  per  cent,  mure  than  with  dynamite. 

The  comparative  cnatlineai  of  the  lime  cartridge  work  was  due  to  the  baduea«  of 
the  roof,  which  limited  the  width  of  the  passage,  the  process  heing  most  suitable  bi 
long -wall  working. 

An  attempt  made  te  work  with  a  13-feet  board  Imd  to  be  abandoned  IfCcauso  the 
roof  would  not  stand  without  timbering. 

Aoother  attempt  was  made  to  work  with  the  lime  prnccss  ta  the  Thicli  Seam  with 
a  face  19  feet  8  inches  broad  in  the  full  height  of  13  feet  1}  inches.  The  coal  was 
kirved  and  brought  down  in  sncceasiTc  ]uds  from  the  bottom  of  from  3  feet  9  inchea 
to  3  feet  11  inches  thick,  the  cartridges  fuling  to  move  more  thau  this  Ihickneas. 
Ttiree  holes  were  required  in  the  face  breadth  for  (nch  jad,  those  near  the  top  of  Iho 
seam  being  found  very  (roublcBoroe  to  bore.  To  prevent  danger  it  was  found  necessary 
to  shore  np  the  higher  juda  until  it  was  time  to  apply  the  cartridges.  The  process  was 
thus  foand  costly  in  this  ease  also,  but  in  trials  in  the  thinner  Jnno,  Urania,  and 
V,  Lying  Seams  it  cost  about  the  came  as  the  ordinary  method  of  blasting. 

The  Levet  hydraulic  wedge  wo»  tried  in  the  gassy  quarter  near  the  Wilhehn  Sliaf  t 
under  the  same  conditions  as  the  lime  process.  The  holes  required  for  this  are  2  feet 
H  inches  deep  by  3  inches  in  diameter.  Two  half-round  steel  ebeuka  project  1  foot 
11  inches  into  the  hole,  eacii  being  tapered  thin  at  the  inner  end  Outside  is  filed  A 
cylinder  with  a  long  piston  rod  projecting  between  the  steel  cheeks  and  attached  to 
the  paint  of  an  iron  wedge,  the  butt  of  which  is  against  the  inner  end  of  tbe  hole. 
Water  is  introduced  to  the  piston  from  a  hand-pump  nnderneath.  and  the  wedge  is 
gradually  drawn  out  of  the  hole,  oiicning  the  steel  checks,  and  tliereby  causing  a  down- 
ward pressure  tending  to  split  off  the  jud. 

The  first  cost  of  tbe  machine  was  about  £2G. 

The  apparatus  being  used  in  the  7  feet  board  before  mentioned,  it  wss  found 
necessary  again  to  nick  oa  both  sides,  so  that  the  Iioring,  kiriting,  and  nicking 
were  much  the  same  as  before,  except  that  they  only  went  U>  the  depth  of  2  feet 
8J  inches.  Owing  to  the  hardness  of  the  coal  the  steel  clioeks  frequently  got  bent, 
and  the  machine  roqaired  constant  repairs.  A  pair  of  thicker  cbe^  was  obtained, 
but  tlie  cj Under  ultimately  burst. 

The  coat  per  yard  came  to  lis.  2d. 

If  applied  fo  long.woll  work  the  system  would  require  it  aepomtc  opjiarntus  for 
each  hole,  the  conditions  being  otherwise  similar  to  those  for  the  lime  process.  A 
caloalalion,  bBscd  on  the  power  nhicli  woold  he  required  to  borst  the  cylinder,  shows 
the  force  exerted  by  the  wedge  on  the  coal  to  bo  about  33  tons.  A.  R.  li. 


n 

ROPE  TRANSPORT  IN  SEAMS  LYING  AT  HIGH  ANGLES. 

hemtfiirderung   in   Aafhruchen   mii  geringtr  tteiguag   in    Sillmeg.      WlLHELiC 
r.  Refbz.     OisUrrriehUeAe  Zeiltchrijl  /Ur  Serg-   tnd   HiUtnweiat,   1SS3, 
,       pp.  SSB,  357.     Ow  Plate. 

[  Herr  v.  Renaz  describes  an  arrangement  for  bringiDg  oat  the  coala  from  a  board  ia 
■eani  rising  at  an  angla  of  from  20°  to  30°.  A  wire  rope  is  strotched  joBt  below  the 
lof  betwt-'on  two  Qpright  posts,  tlio  one  near  the  face  and  the  otbcr  at  the  botlnni  of 
L«  board  vA  the  fnrtbcr  nile  of  tlie  msin  wrt;.  Below  the  mpe  is  laid  n  small  set  of 
ub  and  two  small  tubs ;  the  one  hanginf;  on  the  rope  and  the  other  running  on  the 
till  are  connected  nith  each  otber  by  a  Bmaller  rope  pnising-  round  a  sheave  fixed  in 
le  upper  post,  so  tint  irhon  one  is  Hlled  and  allowed  to  descend  ta  the  tab  nn  thu 
lain  WB7,  tbc  other  is  dmwn  np  to  bv  filled  again.  At  the  bottom  of  tbe  board  the 
ails  rise  up  to  the  height  of  the  tops  of  the  large  tnbs,  so  that  the  small  tabs  can  be 
anlj  discharged.  Tbe  upper  post  is  moved  farther  on  as  the  work  proceeds.  The 
riru  rope  passes  through  it,  being  jnmiued  by  a  screw,  and  most  be  kept  long  cnongll 
to  roach  the  t^p  of  the  board,  tbe  loose  end  b^ng  coiled  np  until  required.  The  rope 
de  taut  by  a  stretching  screw  at  the  lower  post.  The  looso  eod  of  the  small 
ng  rope  is  coiled  up  on  the  eud  of  one  of  the  amiUl  tnbs.  The  speed  of  tnvelling 
!■  regulated  by  a  brake  at  the  top. 

As  the  distance  betweeu  the  posts  increases  it  is  necessary  to  support  the  wire  rope 
t  inlervals,  so  that  the  two  tubs  tuay  not  foul  each  other.  It  is  claimed  that  the 
arrangement  has  the  effect  of  improving  the  ventilation,  and  an  instance  is  given  in 
which  a  board  was  driven  for  110  yards  in  the  middle  of  summer  before  tbe  ventilation 
became  bad.     For  tbe  larger  rope  an  old  winding  rope  is  found  to  answer  well. 

A.  R.  L. 


HETOLVINQ  SCREENS. 

Ver  AVoBne'jcA*  Kreiielrdfler.     OetferreiciiieAe  Zfi/ichri/l  fUr  Berg-  vnd  Sullen' 

viaen,  1883.  yp.  ElO,  211. 

Hcrr  KlQnne,  manager  of  the  Fort«chritt  Mine,  near  Dux,  is  the  patentee  of  a  new 
apparatus  for  screening  coals,  tbe  novel  feature  of  which  is  tliat  the  screens  are  set  at 
■mull  angles  uf  inclination  and  made  ta  revolve.  Those  tatter,  Gve  in  number,  are  sot 
in  a  boi-shapcd  framework  6  feet  6  inches  long  by  3  feet  3  inches  broad  by  7  feet 
6  inches  high,  and  slojied  alternately  towards  tbe  front  and  towards  the  back.  The 
motive  power  is  commnuicatod  bj  a  horiiontal  shaft  and  bevel  wheels  to  a  vertical 
ipiiidlo  with  a  crank-shaped  arm,  which  works  iu  a  socket  at  one  side  of  tbeboi,  andia 
coupled  to  a  Hinilar  arm  and  spindle  on  the  other  side.  Elach  point  in  the  box  is  thtu 
matlc  to  move  in  a  circle  whose  radius  is  the  length  of  one  of  the  arms. 

The  apparatns  is  supported  by  four  stanchions  n-ilh  spherical  heads  arranged  so  a« 
to  give  the  effect  of  rolling  on  four  htUls. 

The  meshes  of  the  successive  Uors  are  6)  inches,  2  inches,  1}  inches,  }  inch,  and 
J  inch  ujuare  respectively. 

The  screens  work  at  the  rate  of  140  revolutions  per  minute,  and  can  deal  with  from 
•ii  to  eight  wagons  of  coals  per  honr,  the  indicated  horse-power  required  to  drive 
them  being  about  3J. 

The  special  advantages  of  the  system  are  that  it  causes  very  little  damage  to  the 
coals,  and  that  it  delivers  the  different  kinds  exceptionallj  clean  and  free  from  dust. 


siBKiira  THBOuan  watke-bearixu  stiiata. 

H.  JPtieiteyt  MeHoitr  dn  SriaelUaktn/fU  in  Mehinimmeadfa  Oebirge.  E.  Ottbr- 
rtieMtekt  ZriUfknft  fir  Bfrg-  uni  HatUiiieefm.  1B83.  p.  396. 

In  llic  tuiiimnr  •A  1883  the  fim  inctickl  M(£tdpt  tii  >iiik  a  Hb&ft  by  the  IVeteb 
iMtb'xl  WM  made  in  llie  ArehibtUd  Mine,  near  SclmeidllnKen.  and  brtm^t  to  •  nc- 
ocwfnl  inue. 

The  nuking  ii  not  dcscrihed  in  detui,  bnt  tlie  principle  inrolved  19  that  of  fneiing 
the  w&lpT  mand  tlie  rides  of  the  iliaft,  and  ke«pinfr  >t  back  bj  a  lajer  of  ic«. 

The  aliaft  had  1«eD  lunk  IS^  fatbonui  before  water  wan  met  with,  and  the  Mrtk 
tempcratim  of  the  wMerj  stratum  wa>  then  52°  F„  that  of  the  air  at  the  bntlom  of 
the  thaft  being  63^°  F.  After  aix  dajs'  work  with  the  freezing  apparatna  the  «arib 
tempRntnrn  fuU  from  20^  to  S3 ~  F..  iho  teniperatare  iu  the  middle  uf  the  (haft  ban« 
about  T  Iiigher. 

The  ibaft  w*a  then  mceeEifDll;  innk  through  the  watn;  ctratam,  and  miiuii; 
engineers  wishJug  Iw  »oc  tlio  procei«  at  work  were  invited  to  commnnicatt-  with  Urn- 
PoetMih.  A.  B.  L. 


THE  JAROLIMEK  HAND-BORISO  MACHINE. 
B*triebt~ErgfbHitit   mil    der   S.  Jaroltnrk'icXm    Hand-Dreihoirmatriimf   ttim    1 
QuericMasi&elntit    la    i'ronpriiu    Badolf-SUfantckacMer     Grmbimhitm*    ■ 
BiA^in   lei   PHiram.      Joiira    HoeXi.      OettnrreitiiUei*   Znltdriff  fir 
B*rg  umd  HSIUnKutn,  1B83.  pp.   3ai-3»i,  395-S96,  lll-lIS,  422-4H.  <uil    . 

4a3-4as. 

At  BohnUn,  iiear  Prihraoi,  ooe  of  the  above  machines  was  ■>bfBined  for  aiperi- 
montal  parpone*  in  March  1B82,  and  tet  to  work  in  a  drift  tlirongh  a  granite  djke. 
'Ho  ilonc  was  at  6r»t  rather  broken  and  moderaMlj  aofl,  bat  in  the  interior  of  Uw 
djke  it  became  compact  and  hard. 

A  n^nlar  trial  began  on  the  follovning  month,  the  drift  being  5  feet  3  inch«a  «rid& 
At  flrst  the  price  poJd  was  the  same  as  fir  bond  work,  lii.,  46s.  )>er  janL  In  tbe 
■oftiih  at/ine  tint  mot  with  the  machine  bored  abnut  'G  inch  per  minnte,  or  *I  inch  per 
tarn,  the  gearing  being  at  1  to  9,  an^  the  tumi  per  minnte  5.  In  the  liaricr  itona 
the  advance  per  stone  fell  to  '016  inch.  It  wa«  found  dentable  b)  uee  jilenl;  of  wal 
aad  the  amuunt  lued  rose  in  the  iiarder  atone  lo  1  j  gallons  per  luiiinte. 

One  man  worked  the  maohine  from  eight  to  t«n  miiiates  at  a  time,  malung  ahont 
16  turns  par  minnt«.  The  tnring  tool*  required  sharpening  about  cverj  30  inches  in 
the  softer  itonn.  and  about  every  80  inchei  whore  it  n-ai  liard. 

The  mode  of  working  was  to  begin  with  from  fuiir  to  Si  e  machine  Uirebolea  trom 
£7  Co  43  ioclioa  deep,  and  shout  dnwn  a  [riece  of  tlie  rock  face  from  tlM>  niiddln  of  th« 
paxwgc  and  to  follow  this  up  hj  hand-work,  and  trim  down  tlie  rematuing  pieon  with 
eiglit  to  ten  hand  Imrohole*  of  from  IS  to  20  inches  d«ep. 

Tlie  machine  tiurchulG  cliargos  were  Sred  together  b;  electricity,  the  smaller  ohargta    . 
being  fired  se]iarately  by  the  ordinary  methods.    The  explosive  need  for  the  S-inch 
machine  holes  was  blasting  gelatine  made  np  in  l-^j-inch  cartridges;   that   for  tli« 
1-inch  band  holes  being  the  mnch  cheaper  dynamite,  No.  3,  in  (-inch  cartridges. 

As  to  lime,  a  group  of  four  or  live  macliiiu;  hole  ihotc  drod  by  electricity  bnlngfal 
down  2  feet  7  iucliea  of  ruck  after  about  eight  sliifts'  work,  and  the  trimming  np  uf 
the  passa^  with  eight  to  ten  hnnd  ehota  folloircd  in  about  four  more  shifla.  As  a  rela 
a  machine  hole  charge  took  aluut  II  lbs.  uf  bUsting  gelatine  enclosed  in  a  1/,-iDch 


ThU  work  was  cantinned  for  fonr  months.  Then  followed  one  month  of  hand- 
work bIoup,  one  month  Ttioro  with  muohliiEi  and  hand-work  combined,  and  again  aiiothor 
month  of  hand-work  alone,  the  explosive  used  hcing'  blasting-  geliitino  and  dynamite 
No.  3  in  each  caae.  The  same  men  were  employed  Chronghout,  and  at  the  same  rate  of 
pay,  viz.,  4fia.  per  yard. 

Tables  uf  results  are  given  which  show  that  the  distance  driven  was  13  feet  par 
month  by  haud-wurk  against  24  feet  per  month  by  band  and  tnacliine-work  combined 
during  the  earlier  montbi,  and  21  foct  6  inches  per  month  during  the  last  mouth  bat 
□no,  which  was  entirely  in  the  harder  stone.  Even  in  the  latter  case  the  result  wa« 
thus  65  per  cent,  better  by  the  combined  method  than  by  hand-work  alone. 

The  cost  of  explosive  materials  per  yard  cams  to  about  ISs.  for  machine  and  hand- 
work ngunst  1S«.  "Id.  for  hand-work  alone.  In  tho  former  case,  though  aomowhat  the 
higher,  it  only  amounted  to  one-third  of  tho  wages  of  the  workmen. 

The  experiment  was  hied  of  working  entirely  with  the  machine  borer,  but  the 
expense  of  the  blasting  gelatine,  which  was  then  eiclasircly  used,  was  fonnd  so  great 
that  the  attempt  wu  abandoned.  The  cost  of  explosivo  material  wonld  in  this  case 
have  been  nearly  two  and  a  half  times  as  great  as  before.  The  expenses  incurred  for 
cost  of  tools,  wear  and  tear,  and  otiicr  incidentals  came  to  24s.  per  yard  witb  machine 
and  hand. work,  agunst  20s.  6d.  per  yard  witb  band-work  alone. 

The  result  then  was  that  tho  work  was  done  70  per  cent,  mora  quickly  by  tho 
help  of  the  machine,  and  the  workmen  being  pidd  in  cocb  case  by  the  yard  driven,  the 


Wages  and  tools    , 
Kiplosives  ... 
Wages  and  tools    . 


70s.  Od.  per  yard  for  n: 
15b.  Od.        do. 


I 
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CUAIICOAL  BLAST  FURNACES. 

Utber  OrSiee,  Ifiadmesffe  UHd  Tcmperatur  mil  HoUJcohU  getptUltr  SiitiAoekBfn. 
P.  TirsHFB.  OeiterreichUche  ZuitichriJI  fUr  Berg-  u»d  HiiUenKeien.  1S83, 
■pp.  a(J8-271. 

IVhile  blast  furnaces  fed  with  coke  or  coal  have  recently  nndcrgone  many  improve- 
ments and  been  much  increased  in  size,  those  fed  with  charcoal,  except  in  some  cases 
in  America,  have  remained  almost  stationary.  Herr  Tanner  contends  that  charcoal 
furnaces  with  some  modiflcntions,  rendered  necessary  by  the  smaller  specific  gravity  of 
the  fuel,  may  be  advantaf^eoosly  altered  in  the  same  direction. 

From  its  lightness,  charcoal  is  apt:  to  lie  on  the  top,  while  the  heavier  ore  sinks  to 
the  bottom,  and  if  the  body  of  the  fnmscc  is  made  very  wide  this  tendency  is  mnch 

Hence  it  is  recommended  that  the  body  of  the  eharcoal  furnace  be  kept  narrower 
in  proportion,  hut  that  the  width  of  the  lower  part  and  the  height  bo  increased  to  the 
dimensions  nsnal  in  ccal  or  cuke  furnaces  turning  out  from  50  to  75  tons  a  day  in  alt 
cases  where  the  operations  are  large  enough  to  keep  several  of  the  present  furnaces  in 
blast.  Also,  with  r^nrd  to  blast,  it  is  considered  that  the  prevailing  prejudice  against 
high  temperatures  is  a  mistaken  one,  and  that  the  volnme  of  air  might  with  advantage 
be  ooniidorahly  iucronscd.  A.  B.  Ii. 


ICeTALLIC  VKINB  IX  THE  CnAL-HE&SUHES  OP  UPPER  SILESIA. 
Utter  ErtgSagt  tiwd   Qaagmintralitn  in  dtm   SteinioMeaifiUiirge   ObficKUntmt. 
Da.  Bkurbjibd  KoBXf^Vi.     OnlerrticAiiic&t  Zeiltcirift /ir  Berg-  Hint  HUUm- 
Ktten,  ISSa.yp.  S89-Z91  a»d  303-304. 

Tlie  procem  of  formatioQ  of  tbo  vdiis  and  pocketa  nt  ntetallic  ore  fnand  in  tbe 
Cual-Mcaiarcs  of  the  Silfsiou  district,  and  ilin  in  tbe  Mmsel  Limestone  orerljin^ 
them,  presente  a  difficultj  of  wbicli  uuui;  (DiatJoiw  have  been  propowiL  Dr.  Komunn 
iHitinders  that  thej  ha*e  foaod  their  waj  in  tlio  form  of  mineral  *pnii^  from  tbc 
mcMurea  bdoir  into  pMTioosIy  exiitiog  ciack*  uud  CMrius  in  the  straU.  Eumjila 
ara  giveu  of  their  occarronce  in  nTcral  diffBivnt  luine^  and  it  a  ihown  that  thej  are 
gunaiall;  fonnd  in  the  n^hbonrhood  of  troubles  and  such  like  dialocaldoni  of  Uu 
strata ;  and  that,  whereu  thej  do  Dot  w  a  rale  penetrate  through  the  Umeitoiie.  the; 
can  alwajt  be  traofd  to  the  strata  below.  A.  U.  L. 


THE  ELECTRIC  LIGHT  AT  THK  GKADKXBEEG  WORKS. 
Dit  elfktrifhe  Btleueklun;,  der  Biillr   Qradenberg  bei  SSJlaeh.      Piiw.  JOSKI  r. 
EuKEKwenTU.      Oetterreiehliehe   Zeittchrijl  JUr    Berg-    mnd    HUlmnetn. 
1883,  Fp.  ZSO,  257. 
A  port  of  the  ToUiDg  milts  of  Hcssr*.  n.  Jc  C.  Mitxcli.  in  Oradcnlierg,  is  liglited  bj 
fuur  dilForential  electric  Linip*  of  350  caiulle-pawcr  each  from  thi:  firm  of  Moan. 
Sietncni  and  Haiske.    Tbe  light*  are  retiaircd  onlj  iu  tbo  wiuter  time,  vhca  thef  are 
in  UM  (or  four  hanri  every  eveoiug. 

The  motiVD  power  is  uhtaiDed  from  a  watur-wheel  of  19  feet  9  inches  diameter 
and  4  fetl  11  inches  in  breadth,  which  is  uaed  during  the  da;  to  drive  one  of  the 
catting  macbiacs.  The  first  cost  of  the  instutlstiun  was  about  £S3C^  the  ooiDpTCMed 
oaike-bum<>n  coetiug  about  3d.  a  yard,  and  a  piece  S  inches  lung  lasting  five  faonn. 
The  cost  of  the  hamcrs  is  found  to  be  about  oqaal  to  that  of  the  oil  and  pelroleuai 
which  were  used  previous  to  the  electric  installation.  A.  K.  L. 


niFFEKENT  KINDS  OF  PETEOLECM. 
Veriehiedent  Fetrotnimiorten.  A.  FAireB.  OeilerreiehUcke  ZriUcArtft  Jir  Brrg- 
«nd  Eailamvten,  18H3,  pp.  331,  33S. 
Haw  pctrolcom  is  found  in  many  dilTcrcnt  conditions,  some  kinds  bang  ainioft  like 
tar,  and  others  again  quite  tbin  and  very  inflammable;  and  tbe  ijualit;  of  the  refined 
□il  depends  birgcly  upon  its  comparative  puritj  when  raw.  In  geunal,  Amerjc* 
possesses  Ihc  best  kinds,  and  aftern'ords  come  GaUcia,  Boumania,  Hanover,  and  Baku 

Good  lamp  oils  should  be  clear  and  tmusparent,  and  have  a  spenflc  gravity  of  from 
■82  to  -7S,  and  at  a  tetnperaliire  of  100"  Fahr.  thcj  should  not  giro  off  inSatninable  gat. 

The  petroleum  in  Russia  and  Idiumania  is  for  tlio  most  part  heavy  and  poor  in 
quality.  In  Gullcia  tbo  quality  varies  considerably,  some  l>ei»g  very  good,  but  n  laigfl 
proportion  poor. 

The  salu  of  petroleum  iuftamniable  at  100°  Fahr.  is  in  general  forbidden  in  Anslri^ 
but  a  special  eiception  to  this  rule  was  loodo  in  favour  of  that  from  OaliciH,  it  being 
found  that  tlic  ttade  of  this  district  would  otherwise  suffer  very  heavilr. 

A  R.  L. 


i 


KORTING'S  WATERJET  ELEVAXnit. 

Der  Watierstrail-Elfnalor  a»  Sudolfirhaeile in  Bleih&rp.    EnM.  MiKrr.     Oetler- 
reichUclUi  ZtiUchrift  fOr  Berg-  und  R&ilmweten,  1833,  pp.  3S2-33-1.    lUvitrated. 

One  of  tbew  luaclunen  has  beeu  u!ied  since  tlio  winter  of  18S2  in  the  Rudolf  Shaft, 
at  Bluiberg',  wbn^  it  [ouk  the  place  of  bsnd-pnmpg,  worked  bj  eigrbt  men  per  eliift  of 
10  honrH,  or  Biileen  man  per  day  of  24  bours.  The  prinuiple  involved  is  tliat  the 
pressure  on  pipes  of  water  flowing  tbrongh  tlicm  varies  iureraely  as  the  Bp»d,  and, 
when  tlie  latter  reaches  a  certain  pnint,  Iwcomcs  negative,  or,  in  otiier  wonla,  is  oOD- 
vorted  into  tuctiun. 

The  jet  is  auppliid  bj  a  li^-inch  pipe,  led  down  the  pit  with  a  head  of  water  of 
617  feet.  The  elovatpri  wbicb  lica  in  the  sump,  id  about  111  inches  loug,  and  from  a 
diaineter  of  half  an  inch  in  the  middle  widens  out  towards  the  ends.  At  one  end  it  Is 
Ranged  to  a  2-inch  npflow  pipe  to  bank,  and  at  the  other  a  funnel  connected  with  the 
downSow  pi]ie  is  iosGrtcd  into  it,  ao  as  to  leave  an  open  space  round  it,  which  com- 
municates bj  a  snction  pipe  with  the  sump  water. 

The  downward  flow  is  abont  '433  )^llon  per  second,  at  a  speed  of  6'46  feet  per 
second,  and  the  npwai-d  flow  is  about  'TOG  gallon  per  second,  the  amount  pumped  being 
thus  '363  gallon  ]ii;r  seoond.  The  depth  of  the  mine  is  about  15  fathoms,  and  tbo 
performaace  of  the  elevator  is  about  13  per  cent.  It  is  calculated  that  the  same 
machine  could  he  nsed  down  to  a  depth  of  31  fathoms,  when  its  performance  would 
beroino  20  per  cent.    At  present  the  mochitie  works  G  hours  per  da;. 

A.  B.L. 


Memoire  Hir  divert  tyitimet  de  voiturei  S  vapeur  employeet  en  Belgique  et  dant  let 

provinces  Rkinanel.     Par  M.  Wobms  db  ICouillv,  Ingenuvr  ea  chef  det 

Mine*.    Aaiiales  det  Minet,  Sir.  8,  Tome  r.,  lS»i,  pp.  2f)&-239.    Flatet  VI. 

loX. 

In  a  length;  and  detuled  pnper,  well  illustrated,  the  author  describes  foar  systems 

nf  stoam  carriages  (or  steam  trams),  pointing  out  wliat  lie  considers  as  the  defects  of 

each  Ejatem  and  comparing  the  miles  mn  and  number  nf  passengers  conveyed.    Tlie 

paper  concludes  by  a  summary  and  table  of  comparative  diincusious,  Ba  follows : — 


Total  length  of  carriage  nlthont  bnlTers 

a^ 

^P^. 

^a. 

37  ft.  4  in. 

4flft  Sin. 

89  ft.  4  in. 

40  ft. 

IHstance  bctweeu  extreme  axles 

23  ft.  4  in. 

31  ft.  9  in. 

26  ft.  9  in. 

24  ft. 

Weight  of  working  carriage   without 

pnssengcrs 

19  tons. 

25  tons. 

21  i  tons. 

28  tons. 

Swits.  Bret  ekss            

22 

10 

e 

„      second  class         

10 

35 

„      third  class           

22 

82 

40 

Diameter  of  driving  wheels     

a8i,i.i. 

37  in. 

881  in. 

421m. 

cjlinde™ 

7     „ 

8    ,. 

r  „ 

9     .. 

Stroke 

121    „ 

"lain 

IB*    „ 

14     .. 

98 


SCHKDITLE  OP  THE  ACCIDENTS  OCCURRING  TO  STEAM  APPARATUS 

IN  1882. 

Bulletin  des  aceidenti  arrivSi  dam  Vempl-ai  de*  appareiU  d  vapeur  pendant  Vannie 
1882.    Annales  des  Mines,  8Sr,  8»  Tome  FT,,  1883,  pp,  674-584. 

This  papor  enters  folly  into  the  causes  of  each  explosion,  bat  we  need  only  reproduce 
for  sake  of  brevity  the  following  table : — 

SinncABT. 

I.— BT  DESIQNATION  OF  W0BK8. 


■  •  •  •  •  • 


Boats 

Laundries  ... 

Railways    ... 

Pre8er>'C8,  manufactories  of 

Tools,  manufactories  of  ... 

Distilleries 

Cloth,  manufactory  of 

Quarries 

Ag^culturol  machines     ... 

Spinning  mills      

Foundries 

Motive  1*0 wer,  workshop 
Forges,  workshops  of 

Oil  works 

Laboratories         

Mine  ...         ...         ... 

Minoterie  ... 

Animal  black,  manufactory  of 

Paper  mill  

Refinery     ...         ...         

Rosin,  works  for  preparing 

Sawnulla    ... 

Sugar,  manufactory  of    ... 

Dyeworks  

Contractor's  yard 

Total 


No.  of 
Aoddente. 

3 
2 


•  •  t  •  •  ■ 


• • •  • •• 


•at  • • • 


Kaof 
Killed. 

5 

2 


9 
2 

1 

10 

2 


37 


1 
8 


1 
1 

1 
40 


Ko.  of 
Injured. 

2 


6 
1 
1 

5 
0 


1 
1 


1 
20 


II.— BY  DB8CBIPTI0K  OF  AFPABATUS. 

(a.) — Boilers  externally  fired — 
Horizontal,  without  tubes 
*  ertficai      ...         ...         ...         ... 

(ft.) — Boilers  infernally  fired — 
Horizontal,  without  tubes 

Do.        more  or  less  tubular 
Vertical 

(c.) — Beoeivers 

(rf.) — Sundries         ,„ 


•« .         ... 


11 

•  •  • 

7 

•  •  • 

6 

3 

•  •  • 

7 

•  •  • 

1 

1 

•  •  • 

8 

•  •  • 

8 

■  •  • 

17 

.  •  • 

8 

2 

•  •• 

•  •  • 

1 

9 

■  «  • 

8 

•  •  • 

3 

3 

t  •  • 

8 

•  •• 

1 

Total 


87 


40 


20 


99 


in. — ^BT  PBESUHBD  CAUSES. 

(a.) — Defective  condition  of  material* — 

ConBtruction,  arrangement,  setting,  or  defective  materials 10 

(b.) — Defective  keep — 

Wear  and  tear,  deterioration,  or  thinning       15 

Want  of ,  or  defective,  repairs 7 

(c.) — Miemanagement  of  the  apparatus — 
Want  of  water  (sometimes  with  addition  of  sudden  and  injudicious 

xeeci  wnen  not^         ..»         ..•         ..»         ..•         .■•        .••         ..,  o 

v/ vor^pressuro        •••         •••         •••         •••         •••         .••         •..         ..,  o 

Other  causes  of  imprudence  and  neglect          4 

(<?) — Causes  still  unknown            2 

Note. — The  number  of  "presumed  causes*'  is  in  excess  of  the  total  number  of 
^idents,  due  to  one  accident  being  credited  occasionally  with  more  than  one  cause. 

D.  P.  M. 


STATISTICS  OF  THE  PRODUCTION  OP  MINERALS  IN  FRANCE. 

Statistique  de  VIndustrie  MinSrale  de  la  France,      Combustibles  MinSraux, 
Annates  des  Mines,  SSr,  8,  Tome  F.,  1884^  pp,  103-106. 


G«ogr»phioal  Sitnaiion  of 
Coal  Basin. 

)  Coal  and  Anthracite — 

Output. 

Bailn. 

1882. 
Tona. 

1883. 
Tona. 

Nord  and  Pas-de-Calais 

...     9,481,021 

10,051,461 

Valenciennes,  etc. 

Loire  ... 

...     3,620,550 

3,651,860 

St.  Eticnne,  &c. 

Gard    ... 

...     1,929,717 

2,024,448 

Alais,  etc. 

Bourgogne  and  Nivernais 

...     1,543,508 

1,585.173 

Crcusot  and  Blanzy. 

Tarn  and  Aveyron     ... 

...     1,163,113 

1,153,320 

Aubin,  etc. 

Bourbonnaifl  ... 

...     1.044.764 

1,159,796 

Commentry,  etc. 

Auvergrne       

316,399 

340,743 

Brassac,  etc 

Hcrault          

...        287,151 

315,720 

Graissessac. 

Vosgcs  M^ridionales 

199,841 

202,093 

Ronchamp. 

Ouest              

187,902 

181,071 

Le  Maine,  etc. 

Greuzc  and  Corr6ze  . . . 

143,060 

182,896 

Ahun,  etc 

Alpes  Occidentales    ... 

125,970 

147371 

Le  Drac 

Maures           

800 

150 

Les  Maures. 

Pyrenees        

••«                         •«••■• 

Durban,  etc. 

Total  coal 

...  20,046,796 

20387,092 

;  Lignite— 

Provence        

...        502,119 

511,050 

Le  Fuvean. 

Comtal 

28,313 

24,456 

Bagnols,  etc 

Sud-ouest       

14,223 

11.114 

Millau,  etc 

Vosges  M<5ridionales... 

9,777 

10.667 

Gouhenans,  etc 

HautrRhdne 

2,476 

1,830 

La  Tour  du  Pin. 

Total  lignite  ... 

556,908 

559,107 
21,446,199 

Grand  total    ... 

...  20,603,704 

Tk  V  Tur 

ON  TUB  COAL  llASiN  OF  LANCASHIRE. 

U^oire  lur  l/-  Saif'n  houUler  da  Lanfothirr.     Par  M.  M,  LtHTTr,  Ingrntatr  det 
Mint!.    Annalti  itet  Xinn.  S^r.  8,  Toae  I'.,  18S4,pp.  5-102. 

Past  Sbcosd  (Piige  35). — Modb  of  Woukino. 

Tho  nuthor  of  the  p&pcr  tht»  cnmmcnccs  tbe  second  part  of  tbe  sabject.  the  Hrst 
hnving;  been  devoted  to  the  geologi**!  features.  Lsneashire  a  tho  most  ilcnwly- 
popnIati>d  cnnnty  in  England,  and  that  in  which  the  railway  tjitem  has  reached  its 
hiRbeat  developiaent,  fnnr  mwD  Unex  connecting  the  various  iliriiiioni,  vii.,  the  London 
nnd  North- Western  RailmiT,  Lancsshire  and  ynrkihire  H^lway,  Manehistar,  Sheffield, 
and  LinoolnBhirc  Railway,  and  the  Cheshire  lines  (Plate  I.,  Fig.  1),  traverse  the  enunty; 
and  a  eonaiderahlc  tinantity  of  coal  is  convejod  by  canal  to  Leeds,  Liverpool,  Stock- 
port, Undder&Rcld,  etc.,  part  of  the  coot  prodnced  tNnng  owd  in  Manchester  and  other 
man n factoring  Renlrea,  and  part  eiport^  from  Liverpool. 

The  depth  and  extent  of  tho  coal-mines  are  noticed,  tho  following  bcdn^  cited: — 


Ashton  Mosa  Colliery,  Ashtoil 

Rosehridge  ,.  nenr  Wigan   ... 

Bickcnhaw  „  nenr  Irtigh     ... 

Abram  „               „ 

Clifton  „  near  MMichcster 

Biidgewal^r  „                       „ 

Bmdford  „                       „ 


Yudi. 


556 


ElO 


Tho  ettcnt  may  be  cxeinpliSed  by  the  Peinbcrton  royalty,  whicli  is  3,300  yards 
(3,000  motrca)  armss  and  3.100  yard*  (3.800  metres)  in  verti™!  depth  of  cool -measures. 
Tlie  mode  of  loatin^  is  tlim  explained,  as  well  as  tho  reasons  fur  having  so  few  pitn  in 
the  largo  ftllotmonts  of  cDHl-bearing-  strata. 

Tlie  general  arrangement  is  that  of  two  neigbbonring  pits  dcst^Btcil  the  downcast 
and  the  upcast,  coal  being  generally  raised  in  the  former,  altbongb  in  many  casca  the 
npcoat  is  nlno  available  for  coal-drawing.  Pumping  is  of  little  importance  in  Lanca- 
shire, and  men  are  raised  and  lowered  in  tho  ordinary  ooal.cngn.  One  characlerislao 
fcatnro  of  tbe  district  is  tho  absence  of  any  building  enclosing  heapstcad,  pnlleys, 
screens,  etc.  {as  In  Belgium  and  other  ooal-basins), 

When  the  npcost  is  used  for  coal-drawing,  it  is  iisaally,  when  ventilated  liy  a  fan, 
covered  by  a  cap  or  doors,  holes  being  left  for  the  ropes  to  play.  Several  eiamplesnro 
given  of  this  mode  of  utilizing  the  upcast,  sncb  as  West  Leigh,  of  the  Wigan  Coal  and 
Iron  Co.  (Plate  I.,  Fig.  4).  where  a  iO-fcet  dinineter  Gnibol  affects  the  vcntiUtiipn. 
Abram,  with  its  boxed-in  top.  and  Pemberton,  with  a  nearly  similar  arrangement,  are 
also  described  (Plate  1 1.,  Fig.  I).  Tho  mode  of  walling,  tubbing,  etc..  is  then  dracribed 
in  detail,  several  examples  of  the  different  systems  bang  given,  as  well  as  particulori 
of  cages,  pnllevs.  guides,  and  all  tho  plant  of  a  complete  Lancashire  coal-pit. 

Tlie  varions  modes  of  working  the  coal  were  also  examined  by  the  autlior,  whose 
preference  seems  to  be  for  the  "long-wall"  system.  Wostlfflgh,  Kosebridge,  and 
Pemberton  workings  are  described  minutely. 

The  codI -getting,  nse  of  powder,  and  compressed  air  cartridgoa  form  tbe  next 
subject;  and  then  come  the  hauling  systems,  eudlcss  rope  and  chain,  tail-rope,  iuctiued 
planes,  etc.,  and  examples  are  given  with  ilhistratione ;  and  then  details  are  given  of 
the  varions  winding-machines,  dimensions,  depth  of  pit,  speed,  output,  etc :  Rose- 
bridge  coming  first  in  speed  at  49  feet  (IS'OO  metres)  per  second,  and  Westlei^ 


mid  At  io  feet  (13'GO  matrei).  Conic&l.  spiral,  iiiiil  plain  dram*  are  deeoribed  with 
limensioiiB,  coDstniction.  etc.,  and  tbe  paiii[niig-oi^inea  at  Outwood,  &e,,  uanorilj 
iviewed. 
The  qneKtion  of  venlilation  is  mnch  mate  fully  disonawd,  and  the  Qnilml  ventilatori 
toi>iinend«l  in  preference  to  tlio  fiirnnccs,  and  Mr,  HhU's  remarks  in  favour  of  fans 
qtioted  at  length,  Tha  Bictienhaw  yentiUtor  (Guibal)  ii  pvon  at  43  feet  {li-5 
metres),  and  all  the  adjuncts,  wat^r-gnnges,  coanters,  etc.,  detailed.  Bialers,  scrwns, 
lamps,  management,  outptit,  aoiidents,  have  all  special  and  interesting  cliapterB ;  and, 
in  canclnsion,  the  writer  bases  npnn  Hr.  UoII'b  sUtigtica  a  caaTiction  that  a  prtx- 
u  fntnre  is  in  store  for  the  district  of  Lancashire.  D.  P.  U. 


SoU  >vr  «■  accident  nrveim  h  12  JuUUt,  1833,  an  p%ilt  dei  Botieri  (eoneeition 
dt  Quartier-Oaitlard,  Loire).  Annalei  det  Mittea,  Sir.  8,  Tmu  IV.,  1883,  pp. 
669-673. 


On  July  IBth,  1883,  Portes,  a  stoncman  in  the  Roiiors  coal  mine,  was  burnt  bj  a 
Irnt  under  circiim stances  of  some  intsreat.  He  was  employed,  as  wu  also  a  compaaion, 
BIsnc,  in  driving  a  rise  drift  in  the  upper  level  of  tha  cifihth  Benin.  This  drift  was 
S  yards  (8  metres)  long  by  a  little  over  3  yards  wide,  and  an  avero^  height  of  6^  feet. 

Powder  was  nsed  on  account  of  the  tough  and  hard  nature  af  the  roal.  A  bole  had 
been  bond  ready  (or  firing  in  the  comer  of  the  drift  (Plate  XVIII.,  Fig.  2)  about 
3  feet  in  depth  (1  metre).  The  weight  of  powder  was  375  grsmmos  (18  onnces),  and 
llie  slcinming  about  12  to  IB  inehea  of  coal-dnrt  and  dirt  piclce<I  from  tbe  floor  of  the 
drifL  Wlicu  all  was  ready  the  two  men  retired  to  the  ptunts  marked  P  and  B  on  tbe 
plan,  while  the  niLdarviewer  remuned  to  light  the  fuse.  The  nnderviawer,  aftor 
having  examined  the  place  with  bis  safety-lamp,  and  finding  it  free  from  gas,  lighted 
the  fuse  and  aheliered  in  a  stenton  (J).  In  a  few  seconds  a  violent  detonation  occurred, 
while  volumes  of  flame  poared  against  the  atr  carront,  and  burnt  Portes,  who  waa 
stationed  round  two  corners  and  11  yards  from  the  month  of  the  rise  drift.  From 
Blaitc's  evidence  it  appears  tliat  the  flame  n'as  red  in  colonr,  and  contained  a  nnmber 
of  small  particles  of  ignited  matter.  It  is  also  to  be  noted  that  Portes  n-as  bamt  on 
the  side  neit  the  direction  of  the  shot,  and  tliat  his  head  was  mihnrt,  hcing  sheltered 
by  hit  arm  and  a  headtice  of  timber. 

It  was  at  first  thought  that  fire-damp  wob  the  cause  of  the  mass  of  flame,  but  the 
seam  had  never  given  off  gas,  and  further  eiaminations  and  tests  showed  the  im- 
probability of  any  ontbarst.  The  conclusion  arrived  at  was  that  the  shot  (which  had 
blown  ont)  bad  ignited  the  dust  in  the  drift,  and  this  having  raised  an  eddying  cloud 
In  the  main  level,  set  Arc  to  this  also.  To  prove  this  a  similar  set  of  conditions  was 
snbiequcntly  organiied.  and  the  results  nearly  coincided,  and  the  writer  considers  this 
as  another  instance  to  be  added  to  tlie  list  of  explosions  of  coal-dust  from  blown  out. 

It  is  recomroendud  :— 
1. — To  avoid  heavy  charges  of  powder  and  coal  stemmings. 
2. — To  direct  the  men  to  retire  to  the  main  level  at  least  30  yards  from  the  shot 
when  being  lighted. 
Watering  presents  practical  difficulties,  and  <□  the  absence  of  gas  may  be  dispensed 
■with.  D.  P.  M. 
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ErPEWWENTAL   AND   THEORETICAL   RESBARCHBS   ON   THE 
COMBUSTION  OF  EXPLOSIVE  MIXTURES  OF  GASES. 

Stcittrcha  experimtntalfji  et  Iheoriqnn  tnr  la   combuttion   dtt  nUlangtt  ffoxtux 
erplotifi.      Par  MM.  Mallard   et  Ll  CHATBtlBE,  Infffiiiairi  au   Carpi  da 
Mint:     Annala  dei  Minti,  Sir.  8,  Tamt  IV.,  18SS,  pp.  379-568. 
Thii  ])aper  U  ton  lengthy  and  dotat!«il  to  be  translated  In  anj  but  a  very  conciw 

and  frenpnil  mode ;  in  fact,  Lttic  more  can  be  offected  than  a  tart  notice  of  some  of  tbo 

most  iatereaUiig  chapters  into  which  tbo  paper  is  divided. 

iNTBOcrcTlOjr. 
Etctj  combnation  is  attended  with  a  cert^n  eilialation  of  heat,  whidi  luaea  the 
tempera turo  of  the  bod;  in  combuation.  This  temperature  to  which  this  aud  bodj'  u 
■uhjcctcd  is,  when  isolated  from  all  citemal  cauiie*  of  variaUon,  termed  the  tcinpermtaTe 
of  combustion.  This  in  very  useful  in  man;  cases  where  the  temperature  of  • 
given  body  must  be  raised  to  a  certain  temperatoro,  which  temperatoro  can  nerer 
exceed  the  temperature  of  the  flame.  Tlic  temperature  of  the  bodj  in  combnition  and 
the  temperature  of  the  piscs  prodaccd  by  the  eombuatioft  are  proved  to  varj  gmierallj' 
and  somctimta  considerably,  owing  to  the  VBriaUon,  more  or  lest  marked,  of  the  spedflo 
heat  of  the  gases  resulting, 

CUAPTBB   I. 

PIril  Seriet  of  ErperimenU  yrilA  tie  Depra  Mauomifre. 
It  was  proposed  when  the  Fire-damp  Commission  made  its  experiments  on  the 
eiploaive  nature  of  fire-diunp,  to  ascortsin  the  pressure  in  closed  vessels,  and  to  calon- 
lat«  from  this  the  temperature.  The  want  of  simultaneous  action  wns  agaiust  the 
correctness  of  the  results,  and  an  apparatus  was  contrived  (PUte  XU.)  to  obviate  these 
defects.    This,  however,  still  ^ve  erroneous  results. 


Cm 


ir. 


Sccoad  Series  of  Experimcnti  with  the  aelf-refiiiferinff  Bourdon  MoKomHre. 
This  apparatus  is  also  illustrated  (llate  XVIII.),  and  gave  much  more  eiact  result^ 
which  am  illustrated  by  diagrams  and  curves  (Tlatea  XII.  to  XVIII.)  The  mode  of 
caloulating  these  results  is  also  ininutfllj  eiplMued,  and  the  cooling  down  following 
the  combuatioti  ia  carefully  calculated.  It  would,  however,  be  impoaubte  to  give  an 
intelligible  aummary  of  these  tables  in  a  condensed  form,  and  the  otily  way  of  oblaiidng 
complete  information  is  hy  examining  and  studying  the  diagrams  und  caloulationa 

CnAPTBB  III. 
This  chapter  is  a  compendium  of  the  entire  paper,  giving  the  conclusions  arrived 
at  under  the  following  heads,  inU>  which  it  subdivides  the  sabject: — 
(a)— Laws  of  cooling  in  gases. 


{i)-Di 

(e) ^Temperatures  of  combustion  with  constant  volumes. 

(li) — SpcciHc  beats  of  gases;  carbonic  acid;  steam)  pore  gases;  hydrochloric 

acldi  chlorine, 
(e) — Temperatures  of  combustion  with  constant  pressures. 
(f)  —Theoretical  considerations.  D.  P.  H. 
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COMPABISON  OP  THE  TRANSMISSION  OF  POWER  BY  ELECTRICITY 

AND  OTHER  MODES  IN  USE. 

Compar€ti*on  du  Transport  de  la  Force  par  VJSleciriciti  ei  des  autres  transport* 
mScamqae*  let  plus  ueitSe.  Abstracted  hy  Ch.  Abbk dt,  IngSnieur  honoraire  des 
Mines,  from  the  Prize  Paper  of  the  Elektrotechniker  Verein  of  Berlin,  Revue 
UniverselU,  8Sr,  2,  Tome  XV,,  1884,  pp,  522-583. 

The  syBtems  mentioned  as  being  the  proper  agents  for  transmitting  power  to  long 
distances  are : — 

1. — Electricity. 
2. — Hydranlic  pressure. 
8. — Compressed  air. 
4. — Quick-mnning  ropes. 
The  elements  considered  are  in  each  case : — 

1. — Cost  of  power  obtained  from  the  motor. 

2. — Usefnl  effect. 

8. — First  cost  and  wear  and  tear. 

Detuled  descriptions  of  each  system  are  given,  and  the  sabdivision  of  cost  carefully 
considered,  the  head  of  electricity  being  sub-classified  as  steam  dynamos  and  hydraulic 
dynamos ;  but  the  following  summary  of  the  minute  tables  drawn  up  by  the  translator 
will  give  an  idea  of  the  scope  of  the  paper : — 

Atsbaob  Cost  peb  bfpbctitb  Hobsb-Powhb  pbb  Houb. 


Horse-Power 

Length  in 

Colt  in 

Length  in 
Metros. 

ChMtln 

Electro— 

pel 

•Hour. 

Meirefl. 

Francs. 

Fnmos. 

Steam 

50     ... 

1,000     . 

..     0-207 

...     10,000 

...     0-284 

Hydraulic    ... 

50     ... 

1,000     . 

.     0027 

...     10,000 

...     0-032 

Hydraulic  power — 

Steam 

50     ... 

1,000     . 

..     0187 

...     10,000 

...    0-479 

Water  head... 

50     ... 

1,000     . 

..    0022 

...    10,000 

...    0-079 

Compressed  air — 

Steam 

50     ... 

1,000    .. 

.    0-227 

...     10,000 

...    0-363 

Water  head... 

50     ... 

1,000     . 

..    0-029 

...    10,000 

...    0-067 

Hopes — 

Steam 

50    ... 

1,000     . 

..    0135 

...     10,000 

...    0-470 

Water  head... 

50    ... 

1,000     . 

..    0012 

...     10,000 

...    0-076 

The  conclusions  dra^-n  arc  mostly  in  favour  of  electric  transmission,  unless  in  mines 
where  fire-damp  might  occur  and  be  subject  to  ignition  by  the  sparks  of  the  dynamo. 
Ropes  are  liable  to  the  objection  of  not  being  easily  applied  where  much  subdivision  is 
required ;  and  compressed  air  and  electricity  both  appear  to  have  the  advantage  in 
subterranean  work.  The  former  must  evidently  be  more  economical  in  wear  and  tear. 
This  paper  is  well  worth  the  attention  of  engineers  interested  in  the  subject,  and  the 
details  are  most  carefully  examined  and  explained.  D.  P.  M 


nEPORT  BY  THE  SUB -COMMITTEE  ON  SUPERHEATED  WATER. 

Bappori  pretenli  ^  la  Com>»ittioi>  Ce»lralt  det  MaeMnet  S  Vapeur,  m  nooi  cU  la 
tiMt-commiition  eharg4e  det  Hudei  et  expfrieiKtt  relotivn  h  Vtau  mrcharj^t. 
Far  M.  HiBSOH,  Ingeaieur  en  chef  det  pontt  et  ekauniei.  AmtaUi  det  Miner, 
Sir.  8,  ToiMe  K,  1884,  pp.  171-201. 

In  a  paper  presented  last  jeac  bj  Commiuider  Trire  to  tbo  Acad^tale  Arm  Scienoea, 
on  tlio  preventinn  of  boiler  eiploBioiu,  rcforuncc  wat  mado  to  the  frequent  occurrence 
of  what  wnB  known  u  laporheatcd  wat«r.  and  the  aboTe  sab-committee,  of  vtucli 
M.  Hiracb  was  n  member,  was  appointed  to  investigate  and  report  on  the  subject. 

M.  Tr&ve's  theory  was  flrat  eiamined.  His  view  wag  that  when  ivater  was  in 
eboUition  for  a  length  of  time  the  «r  ww  driven  out  of  it  and  the  temperature  wu 
raised  mmo  80°  or  90°  above  boiling  point,  and  be  pvos  in  corroboration  coses  where 
no  Bt«sm  has  been  drawn  from  tbo  boiler  during  tbc  night,  and  when  disturbed  on 
resuming  work  violent  explosions  occurred. 

The  dnljes  of  the  Bab-oommittne  were  to  examine  and  report  on  the  cr>nditiuni  pro- 
ducin));  Hupurbealjng  and  tbo  moans  of  prevention  or  uoutralisntion. 

The  conclusions  arrived  at  b;  Lbem  were  divergent  from  thone  of  M.  Tr5ve,  and  are 
summarized  at  the  end  of  an  elaborate  and  interesting  series  of  eiperimeittB  on  different 
vessels  (Plates  IV.  and  V.)  as  follows  :— 

"  It  has  not  as  ;ct  been  tbown  ttiat  saperheating  of  the  water  in  an;  boiler  has  been 
the  cause  of  eiploeioD.  If  such  should  have  occurred  it  mnst  bave  been  throngh  on 
agglomeration  of  circamstonccs  coincident,  ciceptianal,  sud  at  present  unknown.  It 
is  thorcfure  useless  to  etamine  the  value  of  any  of  the  proposed  romodies  ;  and  it  is 
proposed  that  an  instmment  to  register  the  temperature  of  the  water  and  the  satara- 
tion  of  the  steam,  might  be  properlj  employed  to  arrive  at  precise  data  relative  to  tliU 
indefinite  and  unknown  condition  of  water  in  a  boiler." 

The  Central  Commisuoa  adopted  the  report  of  the  Bub-committ«c.  D,  P.M. 


DBE-DEPOSITS  OP  LEADVILLE,  COLORADO. 

Oeoloss  ""^  Mining  ladiutry  of  Leadville,  Lake  Couxfi/,  Colorado.  Bg  S.  P. 
Emmoxs,  Second  Auaual  Report  of  (he  United  Statu  Qeologieal  Survey, 
WaiMngton,  1882  (Umed  1883),  fp.  203-290.    Plalet  XLIT.,  XLV. 

Tliis  is  a  lengtbj  preliminary  abstract  of  an  oihaustive  monograph  not  yet  pub- 
lished. 

Leadville  stands  on  the  western  Bank  of  the  Mosquito  or  Park  range,  on  Ihc  eastern 
slopes  of  the  Up|>er  Arkansas  Valley.     It  is  about  lOJWO  feet  above  sea-level,  but  the 
peuks  of  the  surrounding  mountains  rise  above  14,000  feet.    The  sedimentary  rocks  of 
the  n^on  are  (in  ascending  order)  as  follows  :— 
1. — Arehaan  Soeii— 

Qranitcs,  gneiss,  and  hornblende  rocks  (amphibolitcs)  of  various  kinds,  all 
metamurjiliic  These  rooks  form  the  old  core  of  the  Rocky  Mountains, 
and  in  that  part  of  tbe  Continent  of  America  correspoDd  to  the  Laarentian 
deposits  of  the  Eastem  States.  In  many  cases  they  have  never  boen  sub- 
merged unce  Cambrian  times.    Thickness  nuknowu. 
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2.  ^Cambrian — 

Lower  Ottarttiie,  white,  passing  into  limestone  and  shales  ahove.    150  to 
200  feet. 

(a)  JTkite  Limutone,  with  chert    200  feet. 

(h)  (ahove  the  limestone)  Parting  Quartzite,  white.    40  feet. 
4. — Carboniferous — 

(a)  Blue  Limeetone. — Compact,  dolomitic,  cherty  ahove.    These  are  the  ore- 
hearing  rocks  par  excellence.    200  feet. 

(ft)  Weber  OriU, — Coarse  white  sandstones,  with  conglomerates,  micaceous 
shales,  and  occasional  thin  heds  of  limestone.    2,500  feet. 

(c)   Upper  Coal-Meature  Limestone. — Blue  and  drah  limestones  and  dolo- 
mite, with  red  sandstones  and  shales,  mud  shales  at  top.    1,000  to 
1,500  feet. 
6. — Quaternary — 

(a)  Lake  Beds. — Fresh-water  locustrine  deposits. 

(b)  Recent  Formations. — Including  glacial  drift,  moraines,  etc. 

The  igneous  rocks  are  Mesozoic  porphyritic,  hasic,  and  acidic  rocks  of  various  kinds, 
of  which  one,  the  ''white"  or  "Leadville"  porjAyry,  is  a  normal  quartz  porphyry 
intimately  connected  with  the  ore-deposits.  It  is  locally  known  abio  as  **  hlock  por- 
phyry" and  as  "forest  rock,"  and  occurs  chiefly  south  of  an  east  and  west  line  drawn 
through  Leadvilla 

The  author  states  that  his  investigations  have  proved  (page  234)  : — 

I. — That  the  ore-deposits  of  Leadville  have  heen  derived  from  aqueous  solution. 
II. — That  these  solutions  came  from  ahove. 
IIL — That  they  derived  their  metallic  contents  from  the  neighhouring  eruptive 

rocks. 
IV. — That  in  their  original  form  they  were  deposited  not  later  than  the  Creta- 
ceous epoch. 
y. — That  the  metals  were  deposited  from  their  solutions  mainly  as  sulphides. 
VI. — That  the  process  of  deposition  of  the  vein-material  was  a  chemical  inter- 
change, or  actual  replacement  of  the  rock -mass  in  which  they  were 
deposited. 
VII. — That  the  mineral  solutions  or  ore-currents  concentrated  along  natural 
water-channels,  and  followed  hy  preference  the  hedding  planes  at  a 
certain  geological  horizon ;  hut  that  they  also  penetrated  the  mass  of  the 
adjoining  rocks  through  cross- joints  and  cleavage  planes. 
VIII. — That  the  main  mass  of  argentiferous  lead  ores  is  found  in  caloareo-mag- 
ncsian  rocks ;  and 
IX. — Tltat  the  siliceous  rocks,  porphyries,  and  crystalline  rocks  contain  propor 
tionately  more  gold  and  copi)er. 
The  principal  ore-deposits  occnr  near  the  contact  of  the  Carhoniferous  Blue  Lime* 
stone  with  the  overlying  porphyry  in  a  gangue  of  iron,  manganese,  and  clay.    The 
prevailing  ore  is  argentiferous  galena,  with  its  secondary  products,  lead  carhonate  and 
rilver  chloride.     Sulphate  (anglesite)  and  phosphate  (pyromophite)  of  lead  are  also 
found.    Gold  occurs  native,  in  very  small  flakes  or  leaflets.    Zinc  hlende,  calamine^ 
with  arsenic  and  antimony  minerals  also  occur,  together  with  sundry  others. 

A  coloured  geological  map  on  a  scale  of  ^  mile  =  1  inch,  and  a  sheet  of  illustrative 
•ections,  illustrate  the  present  paper.  The  forthcoming  complete  memoir  will,  however, 
he  accompanied  hy  a  large  atlas  of  many  maps,  plans,  and  sections.  A  short  metallur- 
gical report,  hy  Mr.  A.  Guyard,  is  given  in  ahstract  (pp.  285-290). 

G.  A.  li. 


THE  WESTPHALIAN  COAL-FIELD. 

Congrii  ammel  linu  d  Dorini^vl,  fr-i  13.  11, 13,  et  16  AeAt,  1883,  par  VAitooiat 

giniride  dei  Ingfniairi   AUemandt.    By   I'a.   PAaaELECt),   P.  Lkbac<iz,  i 

A.  STOKssen.      PttbticatiOHt  de  la  Somfti  dat  iHginieurt   lOrtii  de   l'& 

promnnaU  d'lttduilrie  al  de»  JUiaet  ifa  Sainant,  S^.  3,  Vol.  XV.,  18S1,  p 

64-98,  largi folding  Map  aitd  Sfi-lion.    FlaU  VII. 

Thit  ia  the  official  report  ol  a  tour  days'  visit  to  the  prioolpil  colHeriei  and  worta 

o(  thH  Wiwtphnllaii  coal-Held.    A  tmatl  loiigitudiunl  section,  showing  the  lie  of  the  bed* 

bctveen  Itceklinglmiisuii  and  SprucliliOvnl,  nuil  a  Terticnl  section  on  a  Lu^r  icale, 

Bhowing  all  th«  coal-seaina,  iilisles.  saudetoaua,  and  conglomcratoa  of  the  diitrint,  an  — 

given.    Tho  groatcr  purtimi  of  tlip  report  coniuata  of  brief  notes  giving  useful  at 

infomuition  {e.g.  uuture  of  aimi.  depth  of  shaft)^  output,  kind  of  pumping  sod  vi 

iug  nuicliiuerj  in  uae,  etc.)  rospoctiog  tlie  following  collierj  conoesaiona  :- 

at  Oberhanien;  Uermauiu,  at  U&Uenieifcu ;  Miniatcr  Stein,  near  Dortmiind;  Weti 

phalia,  at  Dortmund  1  PrOliliche-Morgenaonne,  at  Wattenacheid;  Dahlbnach,  a 

anaeni  Bonif&ciiia.  at  Wattenacbicd  i  Langenbrame,  at  Gasen.    Some  account 

giien  of  the  metullorgical  worka  of  the  Dortmund  nnion  {Union,  Aeticti  QeielUcA^fft 

fUr   Bergbnv.    Eitrn   nnd    StaM-Indtulrie,    Sarf-mHod),   of  tho   Hoerde  Campanj 

Betrder  Bi-rgmerki  und  fftUleHVrreiH,  tu  Boerde).  of  the  Bochiim  Company  (Boo*- 

uMer  rerei%  jar  Strgban  und  OvaifahlfabriealioH).  and  of  tbu  Hoesch  gteel  work» 

at  Dortmund  {Eitea  muf  Slahtioerk  Hoeach,  in  Dortniujtd). 

a.  A.  L. 


THE  GEOLOGICAL  9URVET  OF  BELGIUM, 
(t)  La  earte  ghlogijut  dilailMe  de  la  Balgiq^e  h  Vachelle  da  1  ;  20,000,      (2) 
VuHliUde  la  carte  gMogiqae  da  la  Balgiqtte  d   Vachelle  du  1:20,000. 
A.  RrTM.     Bamu  Oniverielle  daa  Mint,,  B(r.  3.,   Vol.  XV.,  1884.  pp. 
Tkraa  FC^Mrat  in  laxt. 

The  flnt  of  these  papers  gires  a  full  account  of  the  metUoda  followed  in  drawinf] 
up  the  larg«  scale  (1  :  20,000}  Qovemnient  Ooological  Hap  of  Belgium.  The  map  will 
conaiat  of  -133  sheets,  of  which  the  following  have  alresdj  been  pohliahed  (np  to  lit 
Hareh,  18S1),  \vt. : — Cinej,  Natoye,  and  Diuant,  with  diagrammatic  aectiona  and 
explanatory  text.  Many  other  ihects  with  accompanying  mpmmrs  are  nearly  ready, 
viz. : — Hastiirea,  Clavier,  Modave,  Bnuellea,  Bllaen,  Landen,  St.  Trond,  Heen,  Virton, 
Bnett^i  Lamorteau,  AchSne,  Ko>Je,  Philippeville,  Scnzcillei,  Santour,  and  Hamoir,  Id 
coI5uring  the  maps  a  dlatioction  ia  made  between  (hoao  parts  of  the  ontcropa  which  m 
actually  visible  at  the  anrface  aod  those  wliich  are  concealed  hy  soil,  etc,  and  the  mb- 
divisiona  of  the  Poat-Tertiarj  and  Beueiit  doposita,  which  occupy  ao  laige  a  portion  of 
Belgian  territory,  are  ahown  aimnltalieoiisly  (and,  it  ia  said,  without  tns*  of  cisamm) 
with  tlioae  of  the  onderljing  rocks.  Tlie  proceaa  hy  which  the  lntl«r  object  has  twttl 
attuned  ia  technically  known  to  the  officers  ii(  the  Bori'ey  aa  "/iitioa  da  tot  at 
toHt-tol,"  and  a«  a  result  the  maps  thus  coloured  an-  good  agricultural  aa  well  ai 
gioal  mapa.  The  orographical  fuatiircs  of  the  country  are  ahown  by  eontour-l 
E  metres  apart  on  the  left  aide  of  the  Meuse,  and  10  metres  ajiart  on  the  other  itde. 

The  second  paper  points  out  the  special  advantages  of  the  new  map  from  indi 
agricultural,  and  hydrugtafdiical  pointa  of  view. 

The  entire  coat  of  the  sarrey  ia  catimated  at  SflOOfiOQ  francs  (£80,000).  and 
tccn  ycara  are  allowed  fur  its  completion.  0,  A.  L. 
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THE  COMSTOCK  LODE. 

A  Summary  of  the  Geology  of  the  Comttock  Lode  and  the  Weuhoe  District,  By 
Oborob  £.  Becjceb.  Second  Annual  Report  of  the  United  States  Geological 
Survey,  Washington^  1882  {issued  1883), i>/>.  293-330.     Plates  XLVL,  XLVU. 

This  agun  is  a  preliminary  rSsumS  of  results,  based  apon  details  to  be  published  in 
an  elaborate  report  now  in  the  press.  The  Comstock  Lode  lies  in  a  desert  country 
forming  a  north-easterly  spnr  of  the  Sierra  Nevada,  and  known  as  the  Virginia  Range. 
Mines  were  first  opened  upon  it  in  1859,  and  since  that  time  to  1880  they  have  pro- 
duced  315,000,000  dollars  worth  of  bullion,  of  which  175,000,000  dollars  was  silver. 
At  the  latter  date  the  number  of  men  employed  was  2,770,  the  length  of  shafts  and 
levels  more  than  150  miles,  and  the  greatest  depth  above  3,000  feet. 

The  author  examines  and  criticises  the  views  of  Baron  von  Richthofen  and  Professor 
Church  respecting  the  phenomena  of  the  region.  The  rock  named  Propylite  by  the 
former  has,  he  states,  no  real  existence.  It  is  merely  the  decomposed  form  of  several 
kinds  of  greenstone.  The  great  heat  of  the  Comstock  Lode,  regarded  by  Professor 
Church  as  being  due  to  the  kaolinization  of  felspar,  is  referred  by  Mr.  Emmons  to  a 
■ource  more  than  two  miles  below  the  surface,  and  connected  with  the  hot-springs  and 
gases  of  dying-out  volcanic  action.  In  fact,  in  his  view,  the  immediate  neighbourhood 
of  the  lode  is  an  almost  extinct  solfatara. 

The  country  on  either  side  of  the  lode  consists  of  highly  metamorphic  and  igneous 
rocks  of  various  kinds,  and  it  is  where  diabase  forms  the  hanging-wall  and  dlorite  the 
foot-wall  that  all  the  great  accumulations  of  ore  (bonanzas)  have  hitherto  been  found. 
This  point  is  thought  to  be  important  in  following  the  lode  in  new  ground. 

The  summary  concludes  with  brief  accounts  of  experiments  carried  out  for  the 
aathor  by  Dr.  Bams  (I)  *'  On  kaolinization  and  the  amount  of  heat  to  which  it  gives 
rise,**  and  (2)  "  On  the  electrical  activity  of  ore  bodies." 

Plate  XLYI.  is  a  coloured  geological  map  of  the  Comstock  region  on  a  scale  of 
1  inch  «=  1,500  feet.  Plate  XL VII.  gives  a  partial  section  of  the  Washoe  district 
along  the  Sutro  Tunnel  line.  G.  A.  L. 


THE  LANCASHIRE  COAL-FIELD. 

MSmoire  sur  le  Bassin  HouiUer  du  Lancashire.    By  M.  LruTT.    Annates  des  Mines, 
Ser.  8,  Vol.  T.,  188'A,  Geological  Part,  pp.  7-34.     Plate  L  (in  part). 

After  describing  the  Carboniferous  rocks  of  the  Lancashire  coal-field,  after  Hull 
and  others,  the  author  devotes  some  pages  (pp.  30-34)  to  the  Permian  and  Triassic 
rocks  of  the  district,  and  discusses  the  question  of  the  ix>ssible  extent  of  concealed 
Coal -Measures.  He  points  out  that,  according  to  Stralian,  the  Permian  series  is  want- 
ing beneath  the  Trias  in  South  Lancashire,  West  of  Warrington.  He  concludes  that 
it  is  improbable  that  the  upper  coal  seams,  should  they  be  proved  to  exist  beneath  the 
Trias,  will  be  easily  won,  and  that  in  no  case  will  the  coal-field  on  the  right  bank  of 
the  Mersey  bo  opened  out  on  a  large  scale  until  the  rest  is  worked  out. 

In  the  course  of  the  imper  summarized  sections  of  the  coal-seams  and  other  strata 
at  the  following  places  are  given :— Ash  ton  and  Hartshead,  Wigan  (Middle  Coal- 
Measures),  St.  Helen's,  Manchester,  Putricroft,  Burnley,  Bold  Hall  Colliery  (1875-78), 
Collins  Green  Colliery,  Haydock  Colliery,  Farnworth,  Parkside,  and  Winswick. 

G.  A.  L, 


VARIOUS  ANALYSES. 
Sulletin  dtt  T^vanx  de  Ckimie  exSantit  en  1882  par  lei  In^initurt  dm  Hint*  daat 
Ut  Lahoratoira  Dtpariemtntaux.     Atinafa  da  Minn,  Sir.  8,  Vol.  F,  1884, 
pp.  123-161. 

Among  the  analjiea  bere  recorded  as  having  been  nude  by  the  DapuimenUl 
libontories  of  Augers,  Clenonnt-Femnd,  Limngea,  Le  Mans,  Mftra^llcs.  Privae, 
Iteiinea,  and  St.  Etieiiuo,  the  toUowing  ue  of  mining  intereat:^ — 1. — Iron  ores  (brown 
tuBoiatite  and  carbonate  of  iron),  from  tbe  St.  Laure  miiie,  iu  Loiret.  2. — Coali,  from 
new  locolitieB  in  the  Cnmimune  of  Youx.  S.^Antimonite,  tmia  HontrAme  (Hante- 
Loiro)  and  Lange>£.  4. — PhoapbaU  of  lime,  from  varion*  lociilitieB.  G.— Coals,  from 
Cardiff  and  the  Alaia  coat-Qeld.  B, — Lignites,  from  vBrions  localities  in  the  Baaaea 
Alpeo.  7. — Coate,  frotn  the  Baiine  coal-Held.  8. — IJgnit«,  from  the  "  Minerve"  Hine 
(tlerault).  9.— Galena,  from  the  Snlet  lode  (Pay-de-U6mo).  10.— Iron  ore,  from  the 
Timssieni  boring  (Isire)  at  a  depth  of  273  metres  (8957  feet). 

The  resoltB  from  the  Algerian  laboratories  comprise; — ^I.—Lead  nrea,  from  Tni- 
Ouzou,  Djidjelly,  Beui'MeBsaoad,  Auticha,  Onled-Abdallah,  SaVdu,  aud  Kmbarkfk 
2. — Zinc  or™,  from  TUi-Oazon,  Onarseni*.  and  OnleU.Zied.  3. — Coal,  from  Bon  Suada. 
4.' — Copper  ores,  from  the  Oued.Miuia  basio.  5. — Iron  ores,  from  FilHla  (Manganesi- 
ferous  brown  liEomatite),  and  Toiout  (red  hiematite).  O.  A.  h. 


UNDERORODND  TEMPERATDRK  AND  TUNNELS. 

(1)  Lt  Percement  rfe#  TmtneU  et  la  Ckalair  Mmttrrralne.     Bg  0.  BsTAtlX.     Annalti 

del  Minei,  Sir.  8,  Vol.  IV.,  1888,  pp.  60&-el0. 
Applies  StapfFs  formnle  (see  TransoctionB  of  tlie  North  of  England  Institute  o( 
Mining  and  Mechaaicsl  Engineers,  Vol.  XXXIII.,  p.  19)  to  tbe  proposed  Simplan  and 
Mont  Blanc  I'unnels,  and  shows  that  in  tlie  former,  which  is  to  be  nearly  thirteen  miles 
long,  a  maximum  temperature  of  95°  F.  is  to  bo  expected.  In  the  ca«e  of  Mont  Bhue, 
where  the  tnniiel  will  he  between  eleven  and  twelve  miles  loiig,  the  teniperatnre  will,  it 
is  calcnUtcd,  be  over  86°  F.  for  more  than  half  the  distance,  and  will  probablj  feaeb 
a  maiimum  of  122°  F. 

(2)  Erdadmifi  uad  Tunnelbau  tin  Seckgebirgt.    Bj/  Db.  QuBTAr  KOOB.     ZeiUekr^ 

da  Dtalachen  uiid  Salerreich-Alpencerein*,  Vol.  XIII.  pp.  SBSH. 
The  aatlior  states  that  the  isothermal  lines  beneath  monntnina  are  not  onl;  rcta- 
tivel;  but  absolnt«lj  deeper  than  under  pluns  or  vuileje,  and  be  illustraUa  this  view  b; 
a  diagram. 

(3)  Ser  Vtrtanf  ier  Oeoiiotkermen  unttr  Bergen,    .fly  Db.  Afobst  BChx.     Ver- 

kandlunqen  der  h.k.  geologUchen  EeioAiamlall,  Ann.  18S4,  pp.  161-164.     Tk« 

Figaret  in  text. 
A  criticism  of  the  last  paper,  showing  Dr.  Kocb'i  error.  The  rate  of  increase 
of  temperature  is  slower  beneath  monntains  than  under  vnllejs  or  plains ;  but  the 
isotherms,  though  farther  apart  tlutn  in  tbe  latter  case,  rise  within  mountain- masses, 
and  are  therefore  often  much  higher— so  far  oa  nbsolntc  level  is  concerned— than  the 
surfaces  of  the  plains  at  tbe  mountain  foot.  The  increase  in  depth  of  isothermi 
beneath  mountains  is,  in  fiict,  relative  onlj,  and  not  absolute,  as  Dr.  Koch 
The  enthor  qunte*  StapfT,  Supan,  and  Qiinther  in  support  cf  the  ordinarj  vie 


isothermi         ^^H 

imagines,         ^^H 

J 
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EAST  AFRICAN  COAL. 


(1)  Note  8ur  le  Bastin  Houiller  de  Tete  {RSgion  du  Zambhe).    By  E.  Lapiebee. 
AHnales  des  Mines,  Ser.  8,  FoL  IK,  1833,  pp.  585-593.     Plate  XIX. 

Account  of  a  geological  exploration  carried  out  in  the  region  about  Tetc,  on  the 
Zambesi  River,  in  lasi,  by  the  author  and  others.  A  very  large  coal-field  (or  possibly 
a  number  of  detached  cnul-fields)  occur  in  the  country  compriseil  between  the  Zambesi, 
Rovugo,  Moatise,  and  Muarose  rivers,  and  beyond  that  area.  Its  extent  could  not  be 
detennincd.  Coal  was  found  in  several  seams  varying  in  thickness  from  30  centimetres 
(1  foot)  to  14  metres  (IG  feet).  The  rocks  accomi)anying  the  seams  are  of  the  ordinary 
Cool- Measure  type,  a:id  seldnn  dip  more  than  10°  or  12^  except  when  close  to  eruptive 
masses  of  greenstone,  which  are  not  uncommon  in  the  country.  The  coal  is  described 
as  yielding  a  fairly  giHKl  coke,  with  22  to  25  per  cent,  of  volatile  matter.  It  burns  with 
a  long  clear  flame.  There  is  little  or  no  iron  pyrites,  and  the  ash  is  in  consequence 
white.    It  is  also  very  abundant  (12  to  15  and  even  18  per  cent.) 

bketch-mai)s  and  sections  accompany  the  j)a])cr. 

(2)  Xoie  8ur  la  Flore  du  Bastin  HouilUr  de  Tete  {Begion  du  Zambhe),    By 

R.  Zeiller.     Op.  tup.  eft.,  pp.  594-598. 

Describes  the  C(ml-i)lants  collected  by  M.  Lapierre.  All  belong  to  Euroixsin  Coal- 
Measure  8iK*cies,  and  tf>gether  form  a  florula  (there  are  but  eleven  8|)ecies)  similar  to 
those  of  the  Up|)cr  Coal- Measures  of  the  basin  of  the  Loire.  G.  A.  L. 


GP:OLOaY  OF  THE  HARTZ. 

Etude  sur  let  iruptiona  du  Hartz.     liy  M.  Teumiek.     Annates  des  Mines,  Ser  8, 

Vol.  J'.,  188  i,  pp.  243 -3Gi.    Plate  XL 

An  elaborate  strut igraphicul  and  ])etr<)Iogicul  account  of  the  igneous  rocks  of  the 
Hartz,  chiefly  after  Dr.  Lossen.  The  mincnd  deposits  associated  with  these  rocks  are 
also  described.  SalK)rdinate  to  the  diabases  are  five  kinds  of  ferruginous  de})osits«  all 
occurring  at  or  near  the  contact  of  the  diabase  and  the  underlying  Devonian  Strin- 
gocephalus  beds.  Tlu^se,  the  iron  ores  of  Elbingurode,  are  the  result,  the  author  thinks, 
of  hydrothermal  action  at  the  close  of  the  Oivetian  era.  The  following  arc  the 
varieties  mentionetl : — 

1. — A  limestone  altered  for  a  considerable  thickizess,  so  as  to  contain  as  much  as 

50  jKT  cent,  of  iron. 
2. — A  tufuceous  ore,  somewhat  calcareous,  but  always  very  siliceous  also,  resting 
on  the  limestone  and  passing  gradually  into  diabase  (schaahtein).     Som<*- 
times  this  yields  (jO  per  cent,  of  iron.     This  is,  connnercialiy  siKsaking.  the 
most  imi)ortaut  ore. 
3. — An  ore  due  to  the  decomi)OHition  of  a  ])yritous  rock  intimately  associated  with 

an  albite  jxirphyry. 
4. —  A  jasi)oid  ore,  containing  much  quartz  and  anhydrous  sesquioxide  of  in)n, 
always   overlying    the  albite   porphyry,  and   underlying  sometimes  the 
hchiuilstein,  sometimes  limestone. 
5.— Granular  brown  hwuiatite,  evidently  of  sedimentary  origin.  G.  A.  L. 
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MAXGANESIFEROUS  IRON  ORES  OP  RANCIE. 

Etude  iur  la  teneur  en  Fer  et  en  Manganhse  dee  Mineraia  de  BanciS  (Arihffe),     By 
M.  Cabcanagues.     Annalee  dee  Mines,  SSr.  8,  Vol.  T.,  1884^^^.  115-122. 

The  author's  object  is  to  find  the  average  percentage  of  iron  and  manganese  in 
tbe  ores  (chiefly  brown  haematite)  of  Rancie,  in  Aribge,  with  sjKicial  reference  to  the 
relation  between  the  richness  of  the  ore  and  the  state  of  fragmentation  in  which  it  is 
extracted  from  the  mine.  Tlie  mode  of  sampling  adopted  is  described,  and  tables  of 
the  results  are  given.  These  show  very  clearly  that  as  the  ore  gets  smaller  the  per- 
centage of  iron  diminishes,  whilst  the  proportion  of  manganese  generally  increases. 
This  is  explained  by  the  small  degree  of  coherence  possessed  by  the  manganese  oxides. 
The  final  results  are  sho^m  in  the  following  table : — 


Size  of  the  Ore. 

Moisture. 

Iron. 

Mancaneie. 

Coarse 

•             ...       O'Oa            .. 

53*28 

3*47 

Medium 

...     3*38         .. 

50*10 

4-47 

Fine 

.          ...     3'o^         .. 

41*56 

5*98 

Very  fine 

.          ...     3*72 

37-84 

5*98 

The  average  percentage  of  iron  and  manganese  (corrected  for  dry  ore)  were  52*85 
and  4*13  respectively.  G.  A.  L. 


INDEX    TO    VOL.    XXXIII. 


**Al)ft."  timUAe*  AUtraeU  qf  Foreign  Pa^ert  at  end  of  the  volume;  '^Appi."  Appendia^ 


Abstracts  of  Foreign  Papers^cnd  uf  volume. 

Accidents  :  Gun]X)wder  at  Sbirc  Moor,  4. 
— Fire-damp  in  Pnis»ia,  aba.  40. — Fire- 
damp in  France,  abs.  67. — Scbedule  of 
accidents  occnrring  to  steam  ap])aratu8 
in  1882,  abs.  98— At  tbe  pit  "Des 
Rofiers,**  note  of  an,  abs.  101. 

Accounts,  X. 

Advertisement,  ix. 

Africa;  sea  in  tbe  interior  of,  abs.  43. — 
Diamond  deposits  of,  abs.  48. 

African  (£!ast)  coal,  abs.  100. 

Air- Engines,  Regenerators  for,  abs.  88. 

Air-Heaters  for  Blast  Furnaces,  abs,  89. 

Almeria  limestone  ore  deposits,  abs.  37. 

America  :  Soapstonc8,chiua  clays,  and  tirc- 
clajs  of  tbe  Soutbcni  United  States, 
abs.  22. — Kanawha  coal,  abs.  23. — 
Tennessee  hsematitcs,  abs.  23. — Zinc  in 
Virginia,  abs.  23. — Gold  of  North  Caro- 
lina, abs.  24. — Future  of  North  American 
oil,  abs.  24. — Virginian  iron  ores,  abn.  25, 
61. — Anthracite  coal  rc^ons  of  Penufeyl- 
vania,  abs.  42. — Gold  and  silver,  abs.  61. 
— Bassick  mine,  Colorado,  abs.  62.  — 
Gilpin  County  Mines.  Colorado,  abs.  63. 
— San  Juan  mining  region,  abs.  63. — 
Pennsylvanian  anthracite  field,  abs.  65. 
Alabama  coal  and  iron,  abs.  65. 

Analyses  :  Explosives,  abs.  8.— Coals  and 
lignites,  abs.  5 1 . — Combustible  materials, 
abs.  52. — Various,  abs.  108. 

Annstead;  great  fault  at.  (See  Oreat/auU.) 

Anthracite  coal  regions  of  Pennsylvania, 
abs.  42,  65. 

TOL.  xxxnr  -i«4. 


Anthracite  and  lime  industries  of  Mau- 

ricnne,  abs.  85. 
Arizona;  mining  in,  abs.  66. 
Arlbcrg  tunnel  bored  through,  abs.  75. 
Artesian  wells ;   diamond  rock-borer  for, 

abs.  90. 
Associate  members,  xxxi. 
Assurance,  life,  abs.  82. 
Austria:   Mining  industry  in  the  year 

1881,  abs.  73. 

Balloting  list,  Ivii. 

Barometer  readings,  239. 

Belgium  :  Phospliatic  deposits,  abs.  18. — 
Geological  survey  of,  abs.  196. — Steam 
carriages  in,  abs.  97. 

Bessemer  process;  modifications  of  the, 
abs.  76. 

Bilbao  Iron  Orb  District,  by  B.  J. 
Forrest.  213. — Geological^  and  general 
description,  213.— Table 'of  analyses  of 
the  various  ores,  215. — List  of  Mines,  216. 
—Systems  and  cost  of  quarrying,  217. 
— Transport  and  haulage  of  ore,  219. 
— Bil1)ao  i)ort  and  river  improvement, 
231.  -Average  prices  of  iron  ore,  235. 

Plates. — 20.  Geological  map  of  the 
Bilbao  iron  ore  district. — 21.  Section 
through  San  Bemabe,  San  Miguel,  and 
Begona  mines. — 22.  Cross  section  of 
river  improvements;  Triano  mines, 
sections. — 23.  Concha  mines,  sections. 
— 24.  Hodgson's  system  of  wire  tram- 
ways. —  25.  Self-acting  tramways, 
Bleicliart's  patent. 

HH 
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Biscay ;  iron  ores  of,  abs.  36. 
Blast  f  amaces  ;  charcoal,  abs.  95. 
Blast  f  amaces ;  air-heaters  for,  abs.  89. 
Blasting ;  sparks  from  prickers  and  stem- 

mers,    8. — With    distributed    charges, 

abs.  56. 
Blasting  in  coal  mines;  substitute   for, 

abs.  91. 
Bleiberg  lead  mines,  abs.  76. 
Boats ;  endless  rope  for  unloading,  abs.  81. 
Bohemia- Kaaden-Komstan  Tertiary  beds, 

abs.  17. 
Boiler  firing,  abs.  7. 
Boiler-plating;    deterioration    of,    from 

ferrous  sulphate,  abs.  78. 
Boilers;  explosions,  1881,  abs.  3,  70,  71. — 

Evaporative  performance  of  stationary, 

abs.  77. 
Borer  for  Artesian  wells,  abs.  90. 
Boring  deep  wells  by  water  pressure,  abs.  5. 
Boring    machines;    diamond,    abs.    7. — 

Jarolimek's,  abs.  94. 
Boring  tool ;  fractured  by  dynamite,  abs.  82. 

— Jarolimek's,  abs.  74. 
Borneo ;  gold  in,  abs.  60. 
Brazil;  mineral  resources  of,  abs.  21. — 

Diamonds  of,  abs.  29. 
Breccia-gashes  of  the  Durham  coast  and 

some  recent  earth-shakes  at  Sunderland, 

by  Professor  G.  A.  Lcbonr,  165. — Table 

showing  some  of  the  shocks  felt  in  the 

locality  of  Tunstal  Road,Sundcrland,168. 

— Discussed,  174. 

Flatet,— 12.     Sketches  of   Breccia- 
gashes. — 18.    Breccia-gash  near  north 

end  of  Marsden  Bay. 
Bricks;  magnetic,  abs.  54. 
Bbowk,  M.  Walton:   On  Earth-shakes. 

(See  Earth-ahahet,) 
Bulgarian  coals,  abs.  20. 
Bye-laws,  xlv. 

Califomian  Cinnabar  deposits,  abs.  37. 
Candlbb,  Thomas  E.;  On  Thompson's 

Pulverizer.     (See  Description  of,) 
Cape  of  Good  Hope  diamond  mines,  abs.  41. 
Carbonite,  abs.  64. 


Channel  tunnel ;  historical  rcsum^  of,  abs. 

47. 
Charcoal  blast-f  umaccs,  abs.  95. 
Charter ;  copy  of,  xxxix. 
China   (Indo-);   coals  and  metalliferouB 

deposits  of,  abs.  21. — Coal,  abs.  27. 
Coal  :  coal  bearing  beds  of  the  Northern 

Hartz,  abs.  17. — Origin  of,  abs.  19. — 

Trinidad,  abs.  20. — Bulgarian,  abs.  20. 

— Indo-China,  abs.  21. — Kanawha,  abs. 

23. — Under   London,   abs.  27. — China, 

abs.  27. — Italy,  abs.  27. — On  the  Kistna, 

abs.    30. — Cretaceous,  in    the    Ehasia 

Hills  (India),  abs.  31. — Istria  and  Dal- 

matia,  abs.  34. — Belmcz  coal  mines,  abs. 

36. — Analyses    of,   abs.   51. — Alabama, 

abs.  65. — African  (East),  abs.  109. 
Coal  basin  of  Lancashire,  abs.  100  and  107. 
Coal-fields  :     Sockaboemi,    abs.    18. — 

Geology  of  the  Newcastle,  abs.  14. — 

Aubin,  abs.  20. — Umaria  (India),  aba. 

31. — Seo  de  Urgel  (Spain),  abs.  35. — 

Cumberland,  121. — Warwickshire,  151. 

— Westphalian,  abs.  106. 
Coal-getter.     (See    Haswell   meehanieal 

coal-getter.) 
Coal  plants  and  coal,  abs.  81. 
COAL-WOBKINO :  Warwickshire,  151. 
Coating  for  telegraph  wires,  abs.  45. 
Coke,  natural  (carbonitc).  abs.  64. 
Coke  oven ;   Scmet,  abs.  66. 
Colorado;  Bassick  mine,  abs.  62. — Gilpin 

county    mines,    abs.    63. — San     Juan 

mining  region,  abs.  63. 
Combustible  materials;  analyses  of,  abs.  52. 
Combustion  of  explosive  mixtures  of  gases; 

experimental  and  theoretical  researches 

on,  abs.  102. 
Comparison  of  the  transmission  of  power 

by  electricity  and  other  modes  in  use, 

abs.  103. 
Comstock  lode,  abs.  107. 
Condensation,  cooling  of  the  water  of,  by 

artificial  ventilation,  abs.  1. 
Contents  of  volume,  v. 
Cooling  of  the  water  of  condensation  by 

artificial  ventilation,  abs.  1, 


INDEX. 


249 


Copper;  St.  Genevieve  deposit,  abs.  26. — 
Deposits  of,  Italy,  abs.  32. — Leon,  abs.  36. 
—  Texas,  abs.  51. 

Council  report,  v. 

Camberland  coal-field;  Mr.  Kendall's 
paper  discussed,  121. 

Danger  of  sparks  produced  from  prickers 
and  stemuiers  used  for  blasting  purposes 
in  coal  mines,  and  sparks  otherwise  pro- 
duced ;  paper  by  Henry  Lawrence,  3. — 
Discussed,  61. 

Description  of  Thompson's  pat^^nt  centri- 
fugal pulverizer,  including  an  account 
of  its  comparative  advantages  for 
crushing  and  pulverizing  mineral  ores, 
coal,  and  other  substances ;  by  Tliomos 
E.  Candler,  107. — Advantages  over  other 
machines,  109, 112. — Table  of  compara- 
tive results,  113. — Table  of  dimensions 
and  duty,  114. — General  remarks,  115- 
120. 

Plates. — 4.    Drawing  of  the  machine. 
Discussed,  235. 

**  Des  Hosiers  ;*'  note  of  an  accident  at  the 
pit,  abs.  101. 

Development  of  Railways,  abs.  83. 

Diamond  boring  machines,  abs.  7. 

Diamond  deposits  of  South  Africa,  abs.  48. 

Diamond  mines  of  Kimberloy,  abs.  41. 

Diamond  rock-borer  for  artesian  wells, 
abs.  90. 

Diamonds ;  Brazilian,  abs.  29. 

Dufour  compensating  lover  for  railway 
signals,  abs.  70. 

Dynamite ;  boring  tool  fractured  by,  abs. 
82. 

Earth-shakes  at  Sunderland.  (See  Breccia- 
gashes.) 

Earth-shakes  or  tremors ;  On  the  observa- 
tions of,  in  order  to  foretell  the  issue  of 
sudden  outbursts  of  fire-damp,  by  M. 
Walton  Brown,  179. — Record  of  earth- 
quakes in  Great  Britain  and  the 
Northern  Isles,  181. — Discussed,  183. 
Plates. — 14.     Scismographic  map  of 


Westeru  Europe,  showing  the  distribu- 
tion of  earthquakes. — 15.  Diagram 
illustrating  the  record  of  earthquakes 
and  number  of  fatal  explosions  of  gas  in 
Great  Britain  from  1868  to  1882. 
East  African  coal,  abs.  109. 
Economy  of  fuel  in  iron  manufacture, 

abs.  55. 
Election  of  members,  1, 35, 67,149, 163, 185. 
Electric  light ;   cost  of,  abs.  78. 
Electric  light  at  the  Gradenberg  works, 

abs.  96. 
Electric  machinery  in  mines,  abs.  71. 
Electric  and  gas  light  in  a  Munich  theatre, 

abs.  90. 
^Electricity ;  pumping  by,  abs.  82. — Com- 
parison of  the  transmission  of  power  by, 
and  other  modes  in  use,  abs.  103. — 
Transmission  of  power  by.  at  P6ronnidre 
colliery,  abs.  83. 
Endless  chain  in  Spain;  On  the,  by 
George  Lee,  187. — Circumstances  which 
led  to  the  construction  and  application, 
188.-  Description,  191.— Table  of  cost 
of  working,  211. 

Plates. — If).     General    view   of  the 
north  end  of  the  mine  Anita  and  the 
route  of  the  endless  chain  railway. — 
17.     Tubs,  showing  the  attachment  of 
forks ;  sections  of  tunnel  dry  wall  em- 
bankment,  &c. — 18.     Brake    stations; 
transverse  section  of  railway  and  method 
of  fixing  rollers,  &c.— 19.   Plan  of  brake 
station  showing  arrangement  of  fan-fly; 
sections  of  chain,  wheels,  pulleys,  &c. 
Endless  chain  bank  at  Mariemont,  abs.  84. 
Endless  rope  for  nnloading  boats,  abs.  81. 
Exhibition  (mining)  at  Madrid,  abs.  46. 
ExrERiMENTS :  Explosivcs  used  in  mining, 
abs.  11.— Coal-getting,  43.— Strength  of 
wrought    iron    in    compression,   63. — 
Safety   lamps,    abs.  39. — Guibal  fans, 
abs.  66. — New  ventilating  fan,  abs.  67. 
— Jarolimek  hand-boring  machine,  abs. 
74. — Evaporative  performance   of  sta- 
tionary boilers,  abs.  77. — Electric  and 
gas  light  in  a  Munich  theatre,  abs.  90. 


250 


Biperimmital  &nd  tbcorctical  rvsoLrcliei 
on  the  conbugtkm  of  eiplosive  miitiirea 
of  gum,  nhs.  103. 

EXPLOSIONS!  Great  Feiiton  coUierj,  G.— 
BoiUrs,  1881.  ubs.  3.— In  UurhaiD, 
1882,  bIis.  38. — In  Franco,  analjscs  o( 
report*  on,  aba.  68.— Saw-mill  boiler, 
Bin.  70.— Vertical  bfjiler,  abs.  71. — In 
PnmUn  mines,  aba.  7^— Eartli-sbakea 
in  relation  to.     (See  Earli-iAatei.) 

KxPLOStvxs:  AnaIj««of,ab»,8.— Eiperi- 
menta  with,  aba.  11. 

Faaltat  Auuatead.     (Sec  Gr<al /a<ilt.) 

Finance  committee's  report,  vii. 

Finland  ;  mineral  statisties  of,  hbi.  84. 

fire-damp  in  Prnsiia,  abs.  40,— Accidents 
in  Franco,  abs.  67.— Observations  on 
carth-sbakes  in  relation  thereto.  (See 
Earlh-$hatei.) 

Foreign  papers,  abitracti  of,  end  of 
rotame. 

Foruis,  lii. 

FoBBKST,  B.  J.;  Bilbao  iron  ore  distriet, 
213. 

FoBBils ;  drawings  and  litboi.  nf,  aU.  85. 
Fracture  of  a  boring  tool  by  dynamite, 

abs.  83. 
Fiance:  Rolling  stock,  railn-aj  statiBtica, 
ic,  abs.  i.  5.— Aubin  coal-field,  aba.  20, 
—Lignite  biwiu  of  Fnvean,  abs,  W.— 
Fire-damp  accidenta.  aba.  07. — Analysis 
of  reporta  on  coal-gas  exploiitons,  aba. 
68.— Statistics  of  tbe  production  of 
minerals  in,  abs.  99. 

Oas-generator  ;  improved,  aba.  87. 

Gas  water,  aba.  55. 

Qmses;  experimental  and  tbeoretical  re- 
searcbea  on  tbe  combustion  of  explosive 
miitarea  of,  abs.  102. — Essaja  on  the 
combostiou  of  ciploiire  tmitares  of, 
abs.  69. 

Qaneral  statement  of  accoaats,  liv. 

OsoLOor;  Newcastle  coal-field,  abs.  1*.— 
Gold  coast,  abs.  19.— Great  fault  at 
Aiinatcad,  69. 


Oeuli^  of  tbe  Harti,  abs.  lOS. 

Ooologica!  survey  of  Belgium,  abj.  106. 

Gold;  FrenchGuyana,  abs. IS. — Ariioiu,  1 
aba.  22.— San  Domingo,  abs,  23.— North 
Carolina,  abs.  24. — Dakota,  abs,  25. — 
Borneo,  aba.  GO.— United  SUteB,   ftbl. 
61. — In  eretaccons  rocks,  abs.  62. 

Gold  coast ;  goologj  of  the,  aba.  19. 

Oold-Solds  of  Mysore,  abs.  32. 

Gold  reef  working  in  West  Borneo,  abs.  18>  .1 

Great  fault  at  Annatead,  in  North  North-  1 
nmberlund ;  On  u,  by  Professor  O.  A,  I 
Leb->ur,  69.— Introdaotion,  69. — SectJoq  1 
from  Gbba's  Snouk  to  Atinatead  Bam,  I 
70. — Nortb  Sunderland  limestone,  74, — >  I 
Tbe  Bcadnell  limestone,  tbe  AunaUajf 
fault,  77. 

Plate.— 2.   Geology  of  the  Northum- 
berland coast,  near  Nortb  Sunderland. 

IFooif nils.- Sections :  North  Sunder- J 
land  ijuarry,  76, ^Bcadnell  Umestflne  IB -J 
Eleln'ell  quarry,  Lowick.  76, 

Guibal  fans;  experiments  with,  abs.  & 


Hau,,  W.  F.;  On  the  Haavell  n 

Gual-gctter,     (See  RanBiUi) 
Ha;malite  deposits  of  Furnesa;  Mr.  Ken-] 

dall's  paper  discussed,  121. 
Hardening  stooe,  abs,  IS. 
Uarti ;  Guology  of  tbe,  abs.  109. 
Kaswell  mechanical  coal -getter,  a 

tion  for  working  coal  withont  the  aid  I 

of  gunpowder  or  other   explosives,  by  I 

W.  F.  HaU.— Remarks 

gunpowder,  he,  37. — Description  of  tba  1 


—  Mode    of    operation.— 


Account  of  eiperimcnts,  39, — Tabular  1 
aunimarj-  of  uiperimenta,  43,— Detail  | 
of  eiperimenta,  M. — Diseoaaed,  65. 
Plate.— I.  Drawings  of  the  maobine.' 
Wbodcvlt. — Illnatrating  eiperimenta  1 
U-55. 

Hanlage,  abs,  43,  75. 

Hbbschel,  PBOVEssoBi  On  lightning  St  i 
Weat  Thornlcy  colliery,  68. 

Honorary  members,  ivi. 

Hot-water  locomotiTCs,  abs.  45. 


251 


BjdrmuUe  maoliines  in  tb«  S&ion  nilver 
nimeg,  >Ih.  79. 

India :  CikI  on  the  KUtnft,  ubs.  30.— Iron 
OTW,  >t>B.  30.— UiDftria  coil -field,  abs.  31. 
— Minaral  reioorcos  of  Mauipur  and 
N«g»  Hills,  abn.  81.— CrotaiasjUB  coals 
in  the  Uliasia  HilEs,  aba.  31,— Guld-Uelds 
□f  Mjiore,  aba.  32. 

Iron  ;  Virpnian  ores,  abs.  25,  61.— Italy, 
ab*.  £6.— China,  abs.  27.— Strength  of 
irroiight  iron  in  curaprewion,  63.— 
Economy  of  fuel  in  the  manafacture  of, 
aba.  55.— Alabauia,  ab«.  65. — Pn-iuo- 
tion  in  Russia,  aba.  60. 

Iron  ore  ■  PjrciiBes,  abs.  30  —India,  al»- 
80.— Biscay,  abs.  36.— MBiito,  abs.  49, 
— (Mangaiit!«iferouB)of  Raiicie,  abs.  110. 

Iron  ore  district.  (See  Bilbao  tran  ort 
diilriel.) 

Iron-jDjelting  processes ;  two  new,  abs.  72. 

Ironitune  neriea  of  Lorraine,  aha.  7f- 

Ironworks  of  Trubia,  abs.  48. 

Italy;  iron  mines  of,  abs.  2(!.— Ouiiis,  abs. 
27.— Sulphnr  in  the  Caucasus,  abs.  32.— 
Copper  depoaits,  abs.  33. 


/■  baud  boring  macbiue,  abs.  94. 

Kaolin  in  Sweden,  abs.  63. 

KairoALi,  J.  D.;  Papers  on  the  Cnraber- 

land  coal-Geld   and    on  tbc  HfemaCite 

deposit*  of  Funiesa  discussed.  121. 
Ptafei—fi.  6, 7.    Section*  of  strata  «t 

varions  coUiurien. 
KiBEiLDr,   Datid:    EiperimenU    with 

wrought  iron,  64^ 
Kfirting's  water-jet  elevator,  abs,  97. 

L«iicashiT0,  tlie  coal-buiu  of.  abs.  lOU  and 

107. 
LawbiNce.   He>-b;;    On   tbe   danger  of 

uparki    pruducMl    from    pnckers    and 

■temmen.  3.— Disenssed.  8. 
Lead  mines,  Bluiherg.  rIm.  7t)- 
Lead  works  of  Pnarlullaus.  abs.  4t>. 
Leadville,  Culuradu,  oredtiiosits  nf ,  abs.  104. 


Lkboph.  Pbof.;  Communication  respect- 
ing underground  temperature,  at  St. 
Oothard  tunnel,  19.— On  a  great  fault 
at  Annstead.  (See  Great/anlt.)  —  On 
breccia-gashes  of  the  Uiirham  coaaL 
(See  Briccia-ffaihei.) 

Lee. Geo-!  ThecndlesschuninSpain.lS?. 

Lii%c  f  ehoni  of  mines,  obs.  86. 

Life  assnrance,  abs.  62, 

Life  memben,  ivi. 

Lightning  in  the  pit     (Sec  Stmarki  on). 

Lignite,    basin    of    Faveau,    aha.  48- — 

Analyses  of,  abs.  Si- 
Lime  ;  industry  of.  Mauriennc,  abi.  85. 

Lime,  mining  coal  by.  13.— Aba.  91. 

Limestone  ore  deposits  of  Almeria.  abs.  37. 

Locomotives,  hot  water,  abs.  45. 

London,  cool  under,  abs.  27. 

Madrid,  mining  exhilnUon  at,  abs.  46. 

MoKuetie  bricka.  abs.  54. 

Magnetic  ores,  prospecting  for.  ahs.  25. 

Manganese  deposits,  abs.  60. 

Manganesiferoua  iron  ores  i  Of  Rancij.aba. 
107.— In  the  Pyrenees,  abs,  80. 

Maradcn,  breccia-gashc*  at,  166, 

Massinqsiu,  W,  ;  On  lightning  at  West 
Tiiomley  colliery,  90. 

Mechanical  coal -getter.  (See  Scumetl 
meehaHical  eoal-getter.') 

MsLLr.  &.  F.;  Od  the  Waririekshire  coat- 
nehL     (See  Notet  on.  Ilc.) 

Mbubebs:  Honorary,  xvi,— Life.  »vi.— 
Original,  xviii,— Ordinary,  xxi. — Asso- 
ciate, mi.  —  Students,  ml'.  ~  Sub- 
scribing Brms,  Ice,  iiivii. 

Metallic  vcin«  in  the  coal  nieosurea  of 
TJpiier  Sileam.  ahs.  96. 

Meiico,  mines  of.  alia.  24.— Silver  ores  of 
the  Andes,  abs.  27.— Inin  onrof.  aba,  49. 

Heyer  stone-horing  machine,  abs,  S, 

Mineral  oils  of  Central  Euro|ie,  ahs.  39, 

Mineral  resources  of  Sicily,  aba.  14, — 
Htaul,  abs.  21. — Hanipiir  and  Naga 
Ritls.  aba.  24, 

Mineral  veins,  origin  of.  ah*.  54. 

:Mi  tiers'  streh^hcr,  abs.  83. 


35S  IKI 

MineralB;  SUitiAtici  of  tUe  prodnctioD  of. 
in  France,  abs.  99. — Nuw  Zealand,  abs. 
60.— RoMia  and  FinUod,  aba.  34,— 
General,  abi.  M. 

UlMBS  :  Tiolu,  abs.  22.— Soiit.hora  New- 
Mexico,  abs.  24. 

McnHD;  In  the  Oriental  Del  Uruguaj 
Republic,  aba.  8. — Region  of  Maiarron, 
aba.  35. —  Kihibition  at  Madrid,  aba. 
4S. — In  Spun  and  Portu^l.  aba.  47-^ 
IinproToineiiti  iu  meChodi  cif,  ab*.  58. — 
in  Arizona,  aba.  66. 

Mining  coal  bj  cumpressed  lime,  paper  by 
FranV  Murray  Still,  13.~DiBcu>«ed.  16. 

Nophtba  and  iU  producta.  aba.  33. 

IfevTcaatle  caal-Hvld,  geology  of  tbe,  aba.  14. 

Nuw  Zealand,  niineraU  of,  aba.  50. 

Nomination  of  membiiri :  Furma  for,  iil. 

Notes  on  the  Warwickabirc  coal-Beid,  hj 
Mr.  E.  F.  Mally,  151.— Seama,  151.— 
Faalta,  gta,  water.  153. — Spoutaneou* 
Ooinbastian,  154.  —  Collieries,  genera] 
plant,  timber,  tuba,  156.— Diviiion  of 
coal,  167.— Mode  of  working,  158.- 
Ventilation,  beading,  haulage,  159, — 
Oetting  coal,  wagea,  160.  —  Oeneral 
remarlis,  IGl. 

Platet.—a.  Map  of  the  Warwick- 
■hire  coal-field. — 9.  Sectiona  through 
Kingabnrj,  Baxteclcy,  Herevalc,  Arluy 
Wood,  Anale;  and  Nuneaton  CominonB 
and  companitivo  acctinn  of  leauia  at 
diffarcut  pita.— 10.  Phvn  of  working 
dip  coal  in  Warwickshire. — II.  Snrfuce 
plan  of  a  Warwickahire  colliery,  aectioti 
through  four  aeatna. 


Observationu  on  undtrgToniid  k 


aba. 


Officers,  xvit. 

Oil;  North  American,  abs.  24;   mineral 

oils  of  Central  Europia,  29. 
Ordinary  members,  iii. 
Orv  dupoaita  of  Leadville,  ColoTiido.  aba. 

104. 
Origin  of  the  veins  (.u1]iliidv!<;  aba.  lu. 


Origin  of  mineral  veiiia,  aba.  64. 
OriginaJ  membera,  iviii. 

Patrons,  iv. 

Pbaqci,  F.  H,:   Tsntilation  tables.   (See 

retililalioil  tabUt.) 
Peat;  Kuaaiau,  ahs.  33. 
PenDaylronia;  anthracite  coal  r^toni  of, 

abs.  42. 
Permaneut  way  ;  reform  of,  aba.  43. 
I'etrolenm;  iudicationa  of,  aba.  35. — Dif' 

ferent  kinda  of,  aba.  96. 
Pbyaical  and  moral  condition  of  tbe  men 

employed  in  large  establishmonta,  aha.  3. 
Pktinum  in  a  lode,  aba.  EI. 
Portugal ;  milling  in.  aba.  47. 
Prevention  of  aniDkc;  boiler  firing,ab«.  7. 
Prickers  and  alemiuera  ;  aparks  from,  3. 
Production  of  minerals  in  France;  ststia- 

tica  of,  abs.  99. 
Prospecting  for  magnetic  ores  with  the 

needle,  abi.  25. 
PruBsia  j  accidents  from  fire-damp  in,  aba. 

40.— Eiploaious  in  mines,  aba.  74. 
Pulvcriler  i  Thompson's.      (See  Dtierip- 

ti^^  of.) 
Pumping  by  electricity,  aba.  82. 
Pyrenees;   manganeaiferous  iron  ore  in, 

aba.  30. 


Railway  sigoala;    Dutonr  c 
iBVer  for,  abs.  70. 

Railways ;  development  uf,  aba.  88. 

Rancid  ;  manganesiferons  iron  ore*  of^ 
abs.  tiO. 

Reform  of  tbe  pcrmonent  way,  obaT  49. 

Refrigerating  machinery,  aba.  88, 

Regenerators  for  oir-euginea,  abs.  8S. 

Remarks  un  lij-litoing  in  the  pit  at  West 
Tbornley  Colliery,  by  Henry  White,  81. 
—  UiacoBBcd,  83. 

Plate; — 3.      Plans  showing  rarlMM 
and  undorgronnd  arrangemcuta. 

Rbpobtb:  By  theanb-eommitteGanaDper- 
lieott'd  wateri,  aba.  104. — Uonndlt  ». — 
Finance  committee,  vii.— Committee  ou 
pri/ea  awardid  ti.r  in 
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Researclies,  experimental  and  tlieoretieal, 

on  the  combustion  of  explosive  mixtures 

of  gases,  abs.  102. 
Bevolving  screens,  abs.  93. 
RiOHABDSOX,   WiOHAM;    notes  on   the 

strength  of  wrought  iron  in  comprcs- 

siou,  63. 
Hope  transport,  abs.  93. 
Royal  Charter,  xxxix. 
Rules,  xlv. 
Russia;  mineral  statistics  of,  abs.  34. — 

Iron  production  in,  abs.  80. 
Russian  peat,  abs.  33. 


Safety-gear;  Leblanc  and  Loiseau, 
abs.  3. 

Safety  Lamps;  notes  on  M.  Marsaut's 
experiments,  abs.  39. — New,  abs.  58. 

Sawtbb,  Mr.  ;  explosion  caused  by  a  spark, 
abs.  6. 

School  of  mines,  Lidge,  ahit.  80. 

Screens;  revolving,  abs.  93. 

Sea  in  the  interior  of  Africa,  abs.  73. 

Sections:  Ebba's  Suook  to  Annstcad 
Bum,  70. — Coast  ncjir  Sunderland,  ])late 
2. — North  Sunderland  quarry,  75. — 
Beadnell  limestone,  77. — Strata  at  var- 
ious collieries  in  the  Cumberland  coal- 
field, plates  5, 6,  7. — Warwickshire  coal- 
field, 151,  and  plates  9  and  11. 

Semet  coke-oven,  abs.  G6. 

Shire  Moor ;  gunpowder  accident  at,  4. 

Sicily  ;  mineral  resources  of,  abs.  14. 

SiLYBR ;  Arizona,  abs.  22.  Andes,  abs.  27. 
United  States,  abs.  61. 

Silver  amalgamation,  abs.  59. 

Silver  Mines  (Saxon) ;  hydraulic  machines 
in,  abs.  79. 

Sinking;  the  Ida  shaft  at  Hohndorf, 
abs.  5. — Through  water-bearing  strata, 
abs.  94. 

Smoke  prevention ;  boiler  firing,  abs.  7. 

Soapstones,  &c. ;  Southern  United  States. 
abs.  22. 

Soekaboemi  coal-field,  abs.  13. 


Some  results  of  the  observations  on  nnder- 
ground  temperature  during  the  con- 
struction of  the  St.  Gothard  tunnel, 
paper  by  Dr.  F.  Stapff,  19. 

Spain  ;  endless  chain  in.  (See  Endless 
chain.) — Imports  and  exports,  1882,  abs. 
4. — Metalliferous  products  of  Murcia, 
abs.  16. — Seo  do  Urgel  coal-field,  abs. 
35. — Copper  and  copper  ores  of  Leon, 
abs.  35. — Iron  ores  of  Biscay,  abs.  36. 
— Belmez  coal  mines,  abs.  36. — Mining 
exhibition  at  Madrid,  abs.  46. — Lead 
works  of  PuertoUaus,  abs.  46. — Mining 
in,  abs.  47. — Endless  chain,  in,  187. 

Sparks  produced  from  prickers  and  stem- 
niers,  3. 

Stapfp,  Dr.  P. ;  observations  on  under- 
ground temperature,  St.  Gothard  tunnel, 
19. 

Statistics  :  Spanish  imports  and  exports, 
1882,  abs.  4. — Rolling  stock  on  French 
railways,  abs.  4,  5. — Gold  in  French 
Guyana,  abs.l6. — Metalliferous  products 
of  Murcia,  abs.  16. — Minerals  of  Russia 
and  Finland,  abs.  Si. — Accidents  from 
fire-damp  in  Prussia,  abs.  40. — Austrian 
mining  industry  in  1881,  abs.  73. — Pro- 
duction of  minerals  in  France,  abs.  99. 

Steam  apparatus;  schedule  of  accidents 
occurring  to,  in  1882,  abs.  98. 

Steam  carriages  in  Belgium  and  the  Rhen- 
ish provinces,  various  systems  of,  abs.  97. 

Stemmers;  sparks  produced  from,  3. 

St.  Gothard  tunnel ;  underground  tem- 
perature, 19. 

Still,  F.  M.  ;  on  mining  coal  by  com- 
pressed lime,  13. 

Stone;  hardening,  abs.  45. 

Stone -boring  machine ;  Meyer,  abs.  6. 

Strata;  temperature  of,  abs.  11. 

Strength  of  wrought  iron  in  compression; 
further  notes  by  Wigham  Richardson. 
63. 

Stretcher  for  miners,  abs.  83. 

Strontianite  mines  of  Dreusteinfurt,  abs. 
15. 

Students,  xxxiv. 
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Sabscribing  collieries,  xxxvii. 

Sabscriptions,  xii. 

Sulphides ;  origin  of  the  veins,  abs.  10. 

Sulphur  in  the  Caucasus,  abs.  32. 

Sunderland;  earth-shakes  at.  {See  Breccia- 
gasket.) 

Superheated  water;  Report  of  the  Sub- 
Ck>mmittee  on,  abs.  104. 

Sweden ;  kaolin  in,  abs.  53. 

Switches;  new  mode  of  working  and  lock- 
ing, abs.  40. 

Telegpraph  wires ;  coating  for,  abs.  45. 
Temperature  of  strata,  abs.  11. 
Texas ;  copper  in,  abs.  51. 
Thompson's  patent  pulverizer.     (See  Dei- 

oription  of.) 
Transcancasian  manganese  deposits,  abs. 

60. 
Transmission  of  power  bj  electricity  and 

other  modes  in  use ;  comparison  of,  abs. 

103. — At  P^ronni^re  colliery,  abs.  83. 
Transport  of  power,  abs.  47* 
Treasurer's  accounts,  x. 
Trinidad ;  coals  and  bitumen  of,  abs.  20. 
Trubia ;  iron  works  of,  abs.  48. 
Tunnel,  Arlberg;  bored  through,  abs.  75. 
Tunnels  and  underground    temperature, 

abs.  108. 

Underground  temperature;  St.  Gothard 
tunnel,  19. 

Various  analyses,  abs.  108. 
Vein  filling,  abs.  53. 


Ventilation;  cooling  of  the  water  of 
condensation  by  artificial  ventilation, 
abs.  1. — Experiments  with  Guibal  fans, 
abs.  56. — Warwickshire  coal-field,  159. 
— Experiments  with  a  new  fan,  abs.  67. 

Ventilation  tables ;  by  P.  H.  Pearce,  98. 
— Relative  ventilating  power  of  air- 
ways, 93,  97.— Relative  ventilating 
power  of  long  and  short  air-ways,  94, 
99. — Quantities  of  air  discharge  per 
minute  by  square  air-ways  one  mile  long, 
95, 100. — Velocity  and  pressure  of  air 
due  to  columns  up  to  384  feet  in  height, 
95,  104. — Ventilating  pressure  obtain- 
able by  furnace  shafts,  95, 105. — Square 
roots  of  water-gauge  pressures,  96, 106. 

Walker,  S.  F.  ;  on  lightning  at  West 

Thomley  colliery,  83. 
Warwickshire  coal-field.    (See  Notet  on,) 
Water ;  observations  on  underground,  abs. 

86. 
Water  gas,  abs.  55. 
West    Thomley    colliery;    lightning  at. 

(See  Memarks  on.) 
Westphalian  coal-field,  abs.  106. 
White,  Hbnby;  on  lightning  in  the  pit 

at  West  Thomley.     (See  Remarks  on.) 
Winding  with  a  sheave  instead  of  a  drum, 

abs.  9. 
Workington;  meeting  at,  121. 


Zinc;  in  Virginia,  abs.  23. — Production  of, 
abs.  59. 
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